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MARCH, 1950 No. 3 


ROLE OF GENETICS IN FOOD QUALITY IMPROVEMENT 


For several decades the science of genetics 
has been extremely useful in guiding the 
improvement of varieties and strains of our 
common cultivated food plants with re- 
spect to such obviously important factors 
as yield, disease resistance, appearance, 
size, and taste. During the past two decades 
a tremendous expansion of our knowledge 
concerning the identity, occurrence, and 
physiologic roles of specific vitamins, amino 
acids, and other growth factors has oc- 
curred. Only relatively recently have inves- 
tigators appreciated the significant possi- 
bilities of using principles of plant breeding 
to improve the nutritive value of edible 
food plants. This can be done directly on 
the edible portions of plants used for 
human consumption and in the same manner 
for forage and seed crops used as animal 
food, thereby resulting in improved health 
of the animal and nutritive value of its 
meat, milk, or eggs. Of course improved nu- 
tritive conditions for animals also result in 
better and more abundant animal products 
used otherwise than as food, such as wool, 
leather, and so forth. 

The close relationship developing between 
genetics and biochemistry has been greatly 
stimulated by studies of a fundamental 
nature such as those carried on in the labora- 
tories of G. W. Beadle, E. L. Tatum, and 
W. J. Robbins et al. The occurrence in plants 
of enzymes necessary for particular steps 
in the syntheses of specific compounds, 
which may serve as vitamins or growth fac- 
tors for people and animals that eat the 
plant, is controlled biochemically by in- 
herited mechanisms. The efficiency of specific 
syntheses, made possible by gene action, 
may often be modified by environmental 
factors such as temperature, light intensity 
and quality, day length, water supply, and 
mineral nutrition, but the possibility of 


synthesis must be inherent in the organism. 
The realization of this has added consider- 
able impetus to plant-breeding programs 
designed to improve the unseen but often 
more important factors of nutrient content 
of plant parts. 

Long ago sugar beets were developed 
which contained high contents of sucrose 
(16 to 23 per cent), thus making this crop a 
competitor of sugar cane for production of 
this energy food and raw material. Now 
more delicate chemical and physiological tests 
permit analysis for many growth substances 
occurring in much smaller quantities and 
also required in relatively small doses for 
maintenance of good health in the animal 
body. Many common foods are recognized 
as good sources of particular growth sub- 
stances. However, in many cases the 
amounts of a given food that must be eaten 
to supply the minimum daily requirement 
for good health could be too great for taste 
or comfort or too expensive for the income of 
the average person. Such cases are more 
frequent among those of lower-income groups 
who naturally do not eat the variety of foods 
that is usually enjoyed by more fortunate 
ones. Thus the contribution that can be 
made by plant breeders and biochemists in 
the improvement of the nutritive values of 
our more staple food crops is significant, 
since it will benefit a large proportion of the 
population. Similar considerations apply of 
course to foods used by animals of economic 
importance. 

Many sources of germ plasm desirable for 
breeding stock have been plants of foreign 
origin and often those which may lack other 
qualities commonly accepted as good, such 
as taste, size, or color. However, unless too 
great a genetic difference exists between 
these strains and those in common cultiva- 
tion, the practice of crossing and back-cross- 
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ing is available for introduction of the de- 
genes into the hereditary 
mechanism of the cultivated strain. Such 
modifications offer challenging possibilities 
to the geneticist or plant breeder. Sometimes 
the genetic set-up in the plant is such that 
all of the qualities commonly accepted as 
“good” by the consuming public cannot be 
combined with the factors improved from 
the nutrient standpoint. Then a choice must 
be made between nutrient value and ap- 


sired gene or 


pearance, for instance, as color or shape. In 
some cases a compromise may be impractical 
but in others it would appear that an in- 
formed public would gradually learn to ac- 
cept slight changes in color, size, or shape of 
an edible fruit or vegetable in favor of a 
greatly improved nutrient value. These 
become problems of education and do not 
appear insurmountable, though they are 
practical considerations in plant-breeding 
programs. 

Several specific examples of plant im- 
provement from the nutritive standpoint 
will serve to illustrate and may serve to 
increase our anticipation of things to come, 
as well as to point out possibilities for future 
development. Most studies have involved 
the contents of ascorbic acid, carotene (pro- 
vitamin A), and thiamine. A few studies 
have been made on other vitamins and on 
amino acids. 

Ascorbic Acid. Ascorbic acid, a nutrient 
required in fairly large quantities by the 
animal body, is a constituent of most fresh 
fruits and vegetables. Its content appears to 
vary widely among plants as an inherited 
quantitative character, the expression of 
which may be affected by environmental 
influences, particularly temperature and 
light intensity (KX. C. Hamner and L. A. 
Maynard, U.S.D.A. Misc. Pub. No. 602 
(1942). 

As early as 1937, W. A. Maclinn, C. R. 
Fellers, and R. E. Buck (Proc. Am. Soc. 
Hort. Sci. 34, 543 (1937)) made a compre- 
hensive survey in Massachusetts of ninety- 
eight tomato strains for ascorbic acid content 
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and reported a threefold range, indicating 
good possibilities for improvement by plant 
breeding. A similar survey was made in 
South Carolina at the U. S. Southeastern 
Regional Vegetable Breeding Laboratory by 
G. B. Reynard and M.S. Kanapaux (J/bid. 
41, 298 (1942)), who found more extreme 
ranges (fivefold) among their group of acces- 
sions from the Bureau of Plant Industry. 
Similar results were obtained at Purdue Uni- 
versity Agricultural Experiment Station by 
R. E. Lincoln and co-workers (Bot. Gaz. 
105, 113 (1943)). At both of these labora- 
tories, breeding programs were initiated to 
study the inheritance of ascorbic acid con- 
tent and to produce a commercial tomato 
with higher content of 
possible. 

The findings at Purdue (R. E. Lincoln 
et al. (in press)) indicate that many genes are 
involved in the inheritance of a high content 
of ascorbic acid. Some selections with a 
higher content than the high parent were 
obtained in advanced generations of segre- 
gating populations. Some have fruit size 
only slightly less than commercial canning 
varieties and contain twice as much ascorbic 
acid. 

R. C. Burrell, H. D. Brown, and V. R. 
Ebright (Fo d Research 5, 247 (1940)) found 
a three ar a half fold range in thirty-one 
strains of cabbage. J. C. Walker and R. E. 
Foster (Am. J. Bot. 33, 758 (1946)) con- 
cluded that the content in cabbage varieties 
could be raised considerably by controlled 
crossing and selection. C. F. Poole, P. C. 
Grimball, and M.S. Kanapaux (J. Agr. Res. 
68, 325 (1944)) found hereditary differences 
more important than seasonal factors. 

Similar possibilities 


(G. H. 


ascorbie acid if 


appear feasible for 


strawberries Satterfield and M. 


Yarbrough, Food Research 6, 241 (1940)). 
B. L. Wade, P. H. Heinze, M. 8. Kana- 
paux, and C. F. Gaetjens (J. Agr. Res. T0, 
170 (1945)) found evidence of transgressive 
segregation for content of ascorbic acid in 
snap beans. Certain F, and F, plants con- 
tained more ascorbic acid than either parent. 
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This may be a situation similar to a case for 
ascorbic acid content (reported above) and 
for carotene content (reported below) in 
tomatoes. Such segregation of course in- 
creases possible high values beyond pre- 
dictions made from knowledge of the parent 
plant’s contents. 

H. E. Munsell (Food Research 11, 95 
(1946)) reported a range of 7 to 131 mg. per 
100 g. of ascorbic acid content in twenty- 
eight varieties of mangoes and concluded 
that variety was far more important than 
locality of growth. Similarly, T. A. Bell, M. 
Yarbrough, R. E. Clegg, and G. H. Satter- 
field (Ibid. 7, 144 (1942)) found a thirty-five 
fold range among seven varieties of Musca- 
dine grapes. Among thirty-three varieties of 
Oregon peaches, Q. Zielinski (Proc. Am. Soc. 
Hort. Sci. 62, 143 (1948)) found a range of 
seasonal averages from 0.30 to 7.13 mg. per 
100 g. of fresh fruit. In this case environ- 
mental factors such as accumulated hours of 
sunshine exerted only a modifying influence, 
and production of ascorbic acid was largely 
under genetic control. 

Carotene. An intensive program for de- 
velopment of a commercial tomato with 
high beta-carotene content has also been in 
progress at Purdue University for seven 
years. Results of the survey were reported in 
1943 for carotene as well as for ascorbic acid 
(see above). Certain strains had contents nine 
times that of the highest commercial variety. 
Later, G. W. Kohler et al. (Bot. Gaz. 109, 219 
(1947)), in a continuation of this work, 
found selections with even higher contents. 
In backcrossing with the variety Rutgers, 
a twelvefold increase of beta-carotene con- 
tent was achieved in fruit equal in size to 
many selections of Rutgers. Increase of beta- 
carotene appears to occur at the expense of 
lycopene, giving the more nutritive fruit a 
deep orange color. Such strains are equal to 
carrots in carotene content and excel most 
other food plants. Stabilization of certain of 
these strains with relation to other genetic 
factors is now in progress. 

G. Mackinney and J. A. Jenkins (Proc. 
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Nat. Acad. Sci. 35, 284 (1949)) have begun 
an intensive study of the role of specific genes 
in the synthesis of definite carotenoid pig- 
ments of the tomato fruit. 

R. H. Harper and F. P. Zscheile (Food 
Research 10, 84 (1945)) found a twofold 
range of carotene in garden varieties of 
carrots. In a study of the carotenoids of four 
inbred lines of corn, J. W. White, A. M. 
Brunson, and Zscheile (Ind. Eng. Chem. 
(Anal. Ed.) 14, 798 (1942)) reported a four- 
fold range in total carotenes and a sixfold 
range in total cryptoxanthins, indicating 
possibilities for improvement in this direc- 
tion. G. C. Seott and R. O. Belkengren 
(Food Research 9, 371 (1944)) found ecaro- 
tene to vary seven to eightfold in sweet 
corn inbreds (ascorbic acid two to two and a 
half fold) and two and a half fold in hybrids. 
They also studied garden peas and reported 
a fourfold variation of carotene, ascorbic 
acid, and thiamine; niacin very slight and 
riboflavin 40 per cent. 

Other Vitamins. A. D. Robinson, L. F. 
Lynd, and B. J. Miles (Canad. J. Res. 
(Section F) 27, 241 (1949)) determined thia- 
mine and riboflavin contents of barley, oats, 
and wheat grown on different soils. Ranges 
were not large (about twofold). Correlation 
with variety was found for thiamine content 
but not forriboflavin. Neither was determined 
by the soil zone. Many conflicting results are 
found in the literature on cereals but a 
varietal effect for wheat seems well estab- 
lished. K. C. Hamner and H. H. Love 
(personal communication) summarized re- 
sults on thiamine determinations on a large 
number of wheat varieties grown at different 
locations in the United States. They con- 
cluded that location of growth was the 
primary factor in determining thiamine con- 
tent but that certain varieties tended to be 
high or low at all locations. Since the total 
range was not great it would appear de- 
sirable to find a strain with a much higher 
thiamine content to use as a parent for im- 
proving wheat in regard to this constituent. 
Prospects appear good for increasing the 
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niacin content of sorghum grain, according 
to A. F. Swanson (Agron. J. 41, 179 (1949)). 
Definite evidence of transgressive segrega- 
tion for this character was found among the 
F, population of a certain cross, since con- 
tents were obtained over twice as great as 
that of the higher parent. 

Certain areas where a high-corn diet pre- 
dominates have a high incidence of pellagra 
due to insufficient niacin in the diet. F. D. 
Richey and R. F. Dawson (Plant Physiol. 
23, 238 (1948)) made an extensive survey 
of the possibilities of breeding corn with 
higher content of this important vitamin. 
They found a three and a half fold range of 
niacin contents among twenty-four inbred 
lines and concluded that corn hybrids with 
niacin concentrations of 50 micrograms per 
gram could be developed. J. W. Cameron 
and H. J. Teas (Proc. Nat. Acad. Sci. 34, 
390 (1948)) reported twice as much niacin in 
sugary types of corn as in the starchy types. 
Exploratory assays indicated moreover that 
contents of both thiamine and biotin in the 
endosperm are also higher in the sugary 
types. It is not known whether the primary 
action of the genes relates directly or in- 
directly to the carbohydrates or to any or 
all of these vitamins. 

G. Knox, V. G. Heller, and J. B. Sieglinger 
(Food Research 9, 89 (1944)) found only 
small variations in riboflavin and panto- 
thenic acid contents among twenty-nine 
varieties of sorghum grain, whereas niacin 
varied three- to fourfold. M. B. Smith and H. 
P. Olmo (Am. J. Bot. 31, 240 (1944)) com- 
pared twelve varieties of grapes with respect 
to contents of riboflavin and pantothenic 
acid and studied both diploid and tetraploid 
types. Doubling the chromosome number 
did not affect these vitamin contents, nor 
was any significant difference found in 
riboflavin content among varieties. However, 
in the case of pantothenic acid the varieties 
related to the American native species con- 
sistently had contents about twice those 
obtaining for varieties derived solely from 
European species. 
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Amino Acids. Since animals require vari- 
ous amounts of specific amino acids for 
normal development, the content of these 
acids in feeds is very important in the raising 
of livestock. Contents of tyrosine, trypto- 
phan, cystine, arginine, and histidine in 
corn grain from twenty-eight single-cross 
hybrids were studied by D. M. Doty, M. 8. 
Bergdoll, H. A. Nash, and A. M. Brunson 
(Cereal Chem. 23, 199 (1946)) and found re- 
lated to the genetic constitution of the plant. 
They concluded that probably a wider range 
in composition could be found by working 
with a larger number of inbred lines and that 
it may be possible to develop a hybrid with 
a high proportion of nutritionally essential 
amino acids in its protein. 

G. H. Ellis, L. F. Randolph, and G. 
Matrone (J. Agr. Res. 72, 123 (1946)) pro- 
duced a tetraploid corn with increased nitro- 
gen content of 15 per cent in grain and 20 
to 34 per cent in the stover, with correspond- 
ing lower contents of crude fiber and cel- 
lulose. Ash, ether extract, and lignin con- 
tents remained the same. They assume that 
these changes are due to accumulative ac- 
tion of certain genes concerned with protein 
metabolism and noncumulative action of 
other genes. 

In some cases it becomes desirable to de- 
velop plant strains with low contents of a 
certain constituent. Such changes are equally 
as feasible as the cases listed above in which 
high contents were desired. For instance, W. 
D. Valleau (J. Agr. Res. 78, 171 (1949)), by 
crossing and backcrossing a low-nicotine 
tobacco (with dark color) with burley, a 
high-nicotine but light-colored tobacco, pro- 
duced a commercial strain with a very low 
nicotine content (only one-twentieth that of 
the high parent) but with other characters 
like the high parent. 


Strains of sorghum without an objection- 
able water-soluble purple pigment were ob- 
tained by plant-breeding methods (Swanson, 
loc. cit.) and their use results in simplified 
production of a superior white starch. 

Certain forage crops, principally sorghums 
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and Sudan grasses, often develop highly toxic 
contents of compounds which hydrolyze to 
hydrocyanic acid in the rumen of cattle. 
Sudden death frequently results from in- 
gestion of large amounts of these feeds. This 
is a particularly difficult subject to investi- 
gate because of complex physiologic rela- 
tionships that may cause the cyanide 
content to have wide diurnal variations. 
Some evidence indicates that the hydrocy- 
anic acid content is heritable and that more 
than a single pair of genes is involved. Much 
more work of both a physiologic and genetic 
nature should be done on this subject. Ge- 
netic work was reviewed by 8. 8. Atwood 
(Advances in Genetics I, 1 (1947)). 

Atwood also reviewed the work done to 
develop strains of sweet clover, some of 
which have only one-tenth the normal 
coumarin content. This is important because 
coumarin is responsible for severe internal 
hemorrhages in animals feeding on sweet 
clover hay or silage which has become 
spoiled. 
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Thus it is evident from the favorable be- 
ginnings of work along several lines discussed 
above that opportunities in this field are 
many and that possibilities are difficult to 
predict without comprehensive surveys of 
known genetic material in relation to chemi- 
‘al composition of parents and _ progeny. 
These depend on availability of rapid 
methods for determination of the substances 
involved and must therefore be preceded by 
much chemical and physiological study to 
provide good methods and to assure proper 
placement of emphasis on the most signifi- 
cant phases of plant composition. Certain 
accomplishments and opportunities of the 
plant breeder were discussed by R. J. 
Garber (Science 101, 288 (1945)). Much 
more work in this field may be expected in 
the future. 

FreDerICK P. ZscHEILE 
Division of Agronomy 
University of California 
Davis, California 


ADRENALS AND SODIUM METABOLISM 


Among its manifold activities, the adrenal 
cortex plays a part in regulating electrolyte 
excretion. Thus, in Addison’s disease (ad- 
renocortical deficiency) there is increased 
excretion of sodium in the urine, leading to 
dehydration through a body salt and water 
deficiency. In adrenocortical hyperfunction, 
as in Cushing’s syndrome, the reverse is 
true; that is, a retention of salt occurs with 
associated hydremia and rise in serum 
sodium concentration. 

Administration of adrenocortical hormone 
not only reverses the effect of salt loss in 
Addison’s disease but under certain circum- 
stances and with certain of the adrenal 
hormones leads to retention of salt in the 
normal. In some instances, administration of 
adrenocorticotropic hormone from the pitui- 
tary will lead to salt retention in the normal. 
A steroid (11-desoxycorticosterone) iso- 


lated from adrenal tissue has been syn- 
thesized and found to account for most of 
the salt-retaining activity of the adrenal 
gland. There is some question, however, 
whether this compound, as such, actually 
exists in adrenal tissue (G. W. Thorn e¢ al., 
New Engl. J. Med. 241, 529 (1949); P. H. 
Forsham, Thorn, G. E. Bergner, and Kk. 
Emerson, Am. J. Med. 1, 105 (1946)). 
Abrupt changes in dietary salt, it is well 
known, are promptly reflected by a con- 
cordant change in urinary salt excretion. In 
this way salt is saved during periods of 
dietary deprivation and conversely excreted 
when it is consumed in excess of that needed. 
The basis for this homeostatic mechanism 
is not known, although the studies of A. Leaf 
and W. T. Couter (J. Clin. Invest. 28, 1067 
(1949)) add some pertinent information, 
suggesting at least a partial responsibility 
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of the adrenals. Since there is no direct 
measurement of the salt-retaining adrenal 
hormone, desoxycorticosterone, the authors 
attempted to measure the effect of wide 
variations in salt intake upon other bodily 
functions reputedly controlled at least in 
part by adrenocortical activity. Thus nitro- 
gen balance and urinary excretion of urea, 
uric acid, phosphorus, and potassium were 
measured, as well as urinary excretion of 
sodium and chloride themselves. 

Three normal young adults were studied 
while they went about their usual daily 
(hospital) activities. A constant daily diet 
was used which furnished adequate calories 
and protein but very little sodium (9 mil- 
liequivalents daily). Sodium was then added 
to the basic diet during experimental periods 
either as the chloride or the citrate (28 g. of 
the former, 46.88 g. of the latter, daily for 
three days). Blood and urine analyses were 
made by standard methods. 

The study on one of the subjects was more 
complete than that of the others and was 
therefore presented in more detail, although 
the authors state that in general, changes in 
the intake of sodium in all the individuals 
was followed by essentially the same meta- 
bolic alterations. The patient presented in 
detail, first had an eight-day period of 
sodium restriction. During this time there 
was a reduction of about 2.5 kg. in body 
weight, a fall in serum sodium concentration 
from 141 to 138 milliequivalents per liter, 
a similar fall in serum chloride, a negative 
sodium balance during the first three days, 
and a slight although apparently definite 
negative nitrogen balance from the second 
through the seventh day of study. 

During the next three days when 479 
milliequivalents of sodium were adminis- 
tered by mouth daily there was a gain of 
almost 3 kg. in body weight, a return to the 
control figure of the serum sodium and 
chloride, a sharp reduction from 14.6 to 6.6 
mg. per 100 ml. of the blood urea-nitrogen 
concentration concomitant with a fall in 
urine urea-nitrogen and urine phosphorus 





[March 


and potassium. There was a positive sodium 
balance for the first two days although 
equilibrium was virtually achieved on the 
third day. 

Following the second withdrawal of so- 
dium chloride from the diet the body weight 
again fell, the serum sodium and chloride 
concentrations fell slightly, while the urine 
potassium and phosphorus values rose ap- 
proximately to their former levels. The blood 
urea nitrogen likewise rose to the original 
level. There was a negative sodium balance 
for three days, then equilibrium returned. 
This period of sodium depletion was of seven 
days’ duration and was followed by a three- 
day period in which sodium citrate was ad- 
ministered. The changes were essentially the 
same as those during which sodium chloride 
was administered except that the serum 
chloride did not rise but even fell somewhat 
and that the urine phosphorus, and particu- 
larly potassium, rose significantly during 
this period of sodium feeding. Again there 
was a fall of blood urea nitrogen although 
not as striking as with the sodium chloride. 

Nitrogen balance which was negative dur- 
ing most of the first period of sodium deple- 
tion became positive after two days of feed- 
ing and remained positive during the rest of 
the study including the second period of 
sodium feeding (sodium citrate) and the 
fourteen-day low-sodium period which fol- 
lowed and terminated the experiment. There 
were variations from day to day in the nitro- 
gen balance, as one might expect, but there 
was a tendency for more positive nitrogen 
balance to be seen during or immediately 
after the periods of sodium administration. 
There was no significant change in fecal 
nitrogen during this study. 

During the periods of sodium administra- 
tion there was a hemodilution as evidenced 
by fall in hematocrits and an increase in 
extracellular fluid volumes as demonstrated 
by changes in ‘chloride space’ calculated 
from chloride balance. 


These studies may be compared with 
those of others producing dehydration or 
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salt deprivation. R. A. MeCance (Lancet I, 
823 (1936)) produced sodium deficiency by 
feeding a low-sodium diet and inducing salt 
loss by sweating. Dehydration was evident 
in these individuals. For example, the hema- 
tocrit rose from 46 to 56 per cent, the total 
protein from 6.1 to 7.3 g. per 100 ml., while 
the serum sodium fell from 355 to 320 mg. 
per 100 ml. The serum potassium did not 
change. In contrast to the studies of Leaf 
and Couter, a rise in blood urea from 30 mg. 
per 100 ml. to 81 mg. per 100 ml. during the 
course of the dehydration was found by 
McCance. A negative nitrogen balance was 
observed in these studies by MeCance de- 
spite retention of urea in the body. 

D. A. K. Black, R. A. MeCance, and W. 
F. Young (J. Physiol. 102, 406 (1944)) pro- 
duced dehydration by administering dry 
food and eliminating water intake in 2 
young males. These studies demonstrated a 
striking rise in the osmotic pressure of the 
body as noted, for example, by a marked 
rise in the serum sodium. In this instance also 
there was an increase in urea production in 
the body, that is, catabolism of protein. 
Moreover, it should be noted that in both 
Addison’s disease and diabetic coma, as well 
as in persistent vomiting and diarrhea, all 
instances of clinical dehydration, negative 
nitrogen balance is regularly found. 

Leaf and Couter studied potassium and 
phosphorus balance in the patient who was 
the best experimental subject. Fairly good 
agreement was observed between the actual 
phosphorus balance and that calculated from 
the nitrogen balance. However, there was 
not as clear a relation between potassium 
and nitrogen balances. Thus, after the 
periods of sodium chloride and sodium 
citrate administration the actual potassium 
balances were high while the theoretical 
potassium balances, although distinctly posi- 
tive, were much less so. In addition, during 
administration of sodium citrate there was a 
marked excretion of potassium leading to a 
negative potassium balance, which was not 
interpreted by the authors. 
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Leaf and Couter believe their data indi- 
cate that salt depletion leads to stimulation 
of adrenocortical activity, presumably from 
increased production of the adrenocortico- 
tropic hormone by the anterior pituitary. 
They base this tentative conclusion on the 
evidence that both the “salt and water 
hormone” activity and the “protein catabolic 
hormone” activity of the adrenals have ap- 
parently been simultaneously stimulated by 
salt deprivation, the former resulting in 
retention of sodium (that is, failure of uri- 
nary excretion) and the protein catabolism 
evidenced by the negative nitrogen balance. 
Further evidence for stimulation of the ad- 


, 


renal was the increased excretion of uric acid 
during sodium deprivation. It would appear, 
however, that these changes in urine uric 
acid were not as clearcut as one would like 
to have them to suggest adrenocortical 
activity fluctuation. 

In interpreting their results as indicating 
alterations in adrenocortical hormone se- 
cretion the authors discuss the work of 
J. W. Conn (Advances in Internal Medicine 
III, 373 (1949)). In these extensive studies 
of acclimatization of man to hot and humid 
climates, Conn has extended the work of 
MeCance and of others. 

It is well known that individuals exposed 
to excessive heat develop a syndrome of 
shock characterized by peripheral vasodila- 
tation. In fact, a shift of blood from the in- 
ternal organs to the periphery occurs and 
may be followed by a rapid pulse and other 
evidences of peripheral vascular collapse. As 
acclimatization to heat occurs over the 
course of a number of days these phenomena 
disappear and the individual is able to with- 
stand hard work at continued heat without 
circulatory disturbance. 

Conn found that acclimatization was ac- 
companied by an enhanced ability to resist 
the depletion of body salt; that is, both the 
urine and the salt concentration and twenty- 
four-hour excretion in the sweat were 
markedly diminished during acclimatization. 
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In addition, he found a negative nitrogen 
balance, sometimes marked, during accli- 
matization. It was suspected that stimula- 
tion of secretion of adrenocortical hormones 
by the pituitary accounted at least in part 
for this acclimatization. To further elucidate 
this, Conn administered desoxycorticosterone 
before, during, and after full acclimatization 
had occurred. When this salt-retaining 
hormone was given to unacclimatized in- 
dividuals the same effects on urine and sweat 
sodium were observed as during acclimatiza- 
tion but were not as prolonged, nor was there 
negative nitrogen balance; in fact, there was 
mild nitrogen retention. When 
corticosterone was administered during ac- 
climatization there was enhancement of the 
salt retention normally seen during acclima- 
tization but again negative nitrogen balance 
did not occur. This suggested that the 
pituitary had been depressed by the hormone 
administered so that the adrenal produced 
less hormones itself, including the catabolic 
hormone. Nitrogen balance thus remained 
on the positive side. When administration of 
desoxycorticosterone was discontinued dur- 
ing acclimatization, marked excretion of 
sodium, both in the urine and the sweat, 
appeared and the individual even suffered 
some of the symptoms of failure of accli- 
matization. In this way acclimatization had 
to begin all over again, further indicating 
that the pituitary had been depressed by 
the exogenous administration of the 
renal hormone. 

Finally, Conn observed that administra- 
tion of the pituitary adrenocorticotropic 
hormone duplicated the process of accli- 
matization. These studies and others by 
Conn and his co-workers were taken to indi- 


desoxy- 


ad- 


cate that the processes of acclimatization 
which resulted in negative nitrogen balance 
and retention of sodium were the result of 
adrenal stimulation by the pituitary and 
therefore liberation of active adrenal hor- 
mones. 

The fact that one can reproduce or, on 
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the other hand, modify such a fundamental 
bodily process as acclimatization to heat by 
administration of hormones does not neces- 
sarily prove that such acclimatization is due 
to secretion of said hormones. In addition, 
changes in salt intake in the diet, though 
they produce metabolic effects resembling 
those following administration of these hor- 
mones, again does not prove an intimate re- 
lation. Direct evidence of changes in ad- 
renal activity in these situations will be 
awaited with interest. Unfortunately, at 
present there is no method of measuring the 
activity of the adrenals on salt and water 
retention, except by this effect itself. 

Experiments in dogs in which changes in 
the various body-water compartments were 
related to administration of desoxycorti- 
costerone acetate, adrenal extracts, and to the 
effects of total adrenalectomy are reported 
by M. Gaudino and M. F. Levitt (J. Clin. 
Invest. 28, 1487 (1949)). Inulin was used to 
measure extracellular space, deuterium oxide 
for total body water. Sodium space and 
potassium space were determined by dilu- 
tion of radioactive isotopes of these ions. 
Other determinations, such as inulin and 
para-aminohippurate clearances, were done 
by standard methods. 

In the first series of experiments, 3 dogs 
were given 20 or 30 mg. of desoxycorti- 
costerone daily for three weeks. During this 
time, although the total body water re- 
mained essentially unchanged, the extra- 
cellular water increased at the expense of 
the intracellular volume. Plasma volume, as 
measured by the dye, T-1824, remained un- 
changed. Other findings were a marked fall 
in serum potassium and an increase in 
glomerular filtration in all 3 dogs. Generally 
these changes were most marked during the 
first ten days to two weeks of administration 
of the desoxycorticosterone and thereafter 
gradually returned to or toward normal. 
During the entire treatment in one dog, in 


which the measurements were made, the 
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total amount of sodium in the body was in- 
creased by 30 per cent; conversely, in 
another dog there was a decrease in the 
total body potassium. 

In a second series, each of 3 dogs was 
given 15 ml. of an adrenocortical extract 
daily for thirteen days. In this experiment 
there was an increase in intracellular fluid 
volume and in total body water, but without 
the change in extracellular space which had 
been noted following administration of des- 
oxycorticosterone. Here again with adreno- 
cortical extract there was a tendency for this 
abnormality to return to normal under con- 
tinuous treatment. Other measurements 
made did not differ significantly from the 
control value. 

Following adrenalectomy in 2 dogs and 
after stabilization (with 10 and 15 mg. of 
desoxycorticosterone daily) following op- 
eration, maintenance with desoxycorticos- 
terone acetate was discontinued. This proc- 
ess was repeated several times. In this case 
the intracellular fluid volume increased at 
the expense of the extraceNular space. There 
was a decrease in inulin and para-amino- 
hippurate clearances. Other studies and 
some of the interpretations reported by the 
authors are not particularly germane to a 
discussion of nutrition, nevertheless these 
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studies do demonstrate the dramatic effect 
of adrenocortical hormones and of adrenal- 
ectomy upon the fluid compartments of the 
body, and stress particularly changes in in- 
tracellular and extracellular fluid volume 
with little change in plasma volume or total 
body water in these dogs. 

J. Nichols (Arch. Path. 45, 717 (1948)) 
studied the adrenal morphology of rats 
maintained on a potassium-deficient or on a 
sodium-free diet. The outer layers (zona 
glomerulosa and zona fasciculata) of the 
adrenal cortex became depleted in lipid and 
cholesterol in the animals maintained on both 
the sodium-free and low-potassium diets. 
The author felt that these studies indicated 
that the outer zones of the adrenal cortex 
are closely related to electrolyte balance in 
these experiments. 

In summary, evidence is accumulating to 
strengthen the concept that the adrenal 
cortex, under stimulation of the anterior 
pituitary, exerts a controlling influence on 
salt and water excretion and distribution in 
the body fluid compartments. In many of 
the studies the evidence for change in ad- 
renal activity is indirect and a_ positive 
statement must await adequate methods for 
direct assay of the adrenal hormones im- 
plicated. 


VITAMIN E IN TREATMENT OF DIABETES MELLITUS 


Vitamin E, like all vitamins without a 
definitely known deficiency syndrome in the 
human being, has been subject to many 
trials in clinical therapy. Many of the re- 
ported results have been enthusi ic, but 
careful studies have proved them to be of 
no benefit. Among the many enthusiastic 
reports on numerous diseases have been one 
on heart disease and one on the beneficial 
effects of the use of vitamin E in the treat- 
ment of diabetes mellitus (U. Butturini, 
(ior. di clin. med. (Parma) 26, 90 (1945), 
quoted by A. Vogelsang, J. Clin. Endo- 


crinology 8, 883 (1948); Vogelsang, Med. 
Record 161, 363 (1948)). 

E. H. Bensley and associates (Canad. Med. 
Assn. J. 61, 260 (1949)) have reported their 
experiences with oral administration of vita- 
min E and matching placebos to diabetic 
patients in the Montreal General Hospital. 
Mixed tocopherols and a concentrate of d, 
alpha-tocopheryl acetate were used, the lat- 
ter being used in the major part of the study. 
The plan of study was designed so that the 
examining physician, in tabulating progress 
of a particular patient, did not know which 
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patient was taking vitamin E and which was 
taking placebos. This was done in an effort 
to exclude the personal factor involved in 
interpreting subjective symptoms. 

Fifty-five adult patients with diabetes 
mellitus were studied, all of whom had 
been under treatment long enough to be- 
come stabilized. The average period of 
treatment prior to the study was more than 
five years in each group and those not re- 
quiring insulin were included. The 55 pa- 
tients were divided into two groups: one 
group comprising 35 patients was called the 
“vitamin E group” and the other group of 
20 patients the ‘“‘placebo group.” 

In 21 of the 35 cases a concentrate of 
mixed tocopherols was given and later this 
form of vitamin E was replaced by a con- 
centrate of d, alpha-tocopheryl acetate. In 
the 14 remaining cases of the group of 35, 
the latter concentrate was given from the 
beginning of treatment. Throughout the 
period of study specimens of urine and blood 
were collected during the fasting state every 
two to four weeks for qualitative studies for 
sugar, ketone bodies, and estimation of uro- 
bilinogen in the urine, for sugar and urea 
nitrogen in the whole blood, and for chol- 
esterol, bilirubin, and tocopherol in the 
plasma. Standard biochemical technics were 
used and tocopherol in the plasma was de- 
termined by the method of M. L. Quaife 
and P. L. Harris (J. Biol. Chem. 156, 499 
(1944)) in which a simplified hydrogenation 
technic was employed (Quaife and R. Bieh- 
ler, [bid. 159, 663 (1945)). 

All tocopherols were given orally. The 
concentrate of mixed tocopherols was given 
in dosages of 278 (mean), 337 (maximal), 
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and 112 (minimal) 1.v. for forty-five, sixty- 
four, and thirty-one days, respectively. The 
concentrate of d, alpha-tocopheryl acetate 
was given in dosages of 535 (mean), 900 
(maximal), and 100 (minimal) 1.v. for one 
hundred and nine, one hundred and forty- 
six, and twenty-three days, respectively. 
Periods of therapy with placebos and con- 
centrate of d, alpha-tocopheryl acetate were 
of practically identical length. 

A rise of tocopherol in the plasma oc- 
curred at all levels of dosage of vitamin E. 
At the end of the trial, each patient was 
asked whether the medication which he had 
been receiving had been of any benefit. 
Leading questions were not asked and the 
physician asking the questions did not know 
the respective identities of the vitamin E 
and placebo groups. 

A study of the protocols revealed that 
vitamin E had no effect other than the ele- 
vation of tocopherol in the plasma. The 
physicians who were seeing the patients fre- 
quently were asked at the completion of the 
trial which patients they thought had re- 
ceived tocopherol and which had received 
placebos. The answers given were based on 
circumstances which bore no relation to ob- 
servations made on the patients. The guesses 
were wrong. 

In summary, evidence was not found in 
this study to support the view that vitamin 
E is of any value in treatment of diabetes 
mellitus. It has been stated many times be- 
fore and can again be repeated that this type 
of laborious work would be unnecessary if 
those reporting such enthusiastic results 
would be more critical of their own work 
and would run adequate controls. 


EXPERIMENTAL ATHEROSCLEROSIS 


The need for better experimental methods 
to study atherosclerosis has long been recog- 
nized. For many years it has been known 
that this condition could be produced in 
rabbits by feeding a high-cholesterol diet, 


but there are several reasons for doubting 
whether it is analogous to atherosclerosis in 
man. G. L. Duff (Arch. Path. 20, 81 (1935)) 
has summarized these arguments. 
Atherosclerosis can now be developed in 
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two new species, the chicken (D. V. Dauber 
and L. N. Katz, Arch. Path. 34, 937 (1942)) 
and the dog (A. Steiner and F. E. Kendall, 
Ibid. 42, 433 (1946)). These species, like 
man but unlike rabbits, are omnivorous; 
their diet normally contains some _ cho- 
lesterol. The chicken frequently develops 
atherosclerosis spontaneously after a cer- 
tain age, although the dog does not. 

Two new reports confirm and extend the 
usefulness of these species in the study of 
atherosclerosis. D. V. Dauber, L. Horlick, 
and L. N. Katz (Am. Heart J. 38, 25 (1949)) 
have continued their investigations by 
studying the influence of desiccated thyroid 
and potassium iodide on atherosclerosis in- 
duced in chickens by cholesterol feeding. 
Several iodine-containing substances are 
known to have an influence on the develop- 
ment of cholesterol atherosclerosis in rabbits 
(H. Liebig, Arch. f. exp. Path. u. Pharmakol. 
159, 265 (1931); kK. B. Turner, J. Exp. Med. 
68, 115 (1933)). Young White Leghorn 
chicks were fed a diet of chick starter mash 
to which was added 0.0 to 2.0 per cent of 
cholesterol. Potassium iodide, 0.8 to 2.0 g. 
per kilogram per day, or desiccated thyroid, 
0.2 to 1.0 g. per kilogram per day was given 
to groups receiving various amounts of 
cholesterol. Careful gross and microscopic 
examinations were made at autopsy. Total 
blood cholesterol was determined biweekly. 

The chicks receiving cholesterol alone 
developed definite atherosclerosis in all 
groups. Those which received desiccated 
thyroid plus cholesterol showed less athero- 
sclerosis, at all levels of cholesterol, than did 
the control birds. This effect was most 
marked in the group receiving 1 per cent 
cholesterol and 1.0 g. per kilogram per day 
of thyroid substance. The results with po- 
tassium iodide were variable and equivocal. 
In some groups the lesions seemed to be 
worse and in others slightly less than in their 
respective controls. The blood cholesterol 
values in the groups receiving thyroid and 
cholesterol were reduced about 50 per cent 
from the values in the groups receiving an 
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equivalent amount of cholesterol alone. 
However, the thyroid treatment did not 
suffice to maintain a normal blood cholesterol 
since the values in these animals were still 
elevated two to six or more times above 
their controls with no added dietary cho- 
lesterol. Potassium iodide had no effect in 
reducing blood cholesterol. 

A. Steiner, F. E. Kendall, and M. Bevans 
(Am. Heart J. 38, 34 (1949)) have confirmed 
and extended their earlier report of the 
production of atherosclerosis in dogs by 
feeding high-cholesterol diets and thiouracil. 
Seven mongrel dogs, 3} months of age, were 
fed a commercial stock diet. Three of the 
dogs received 1.0 g. of thiouracil each day 
with their food for fourteen to fifteen months. 
In 2 additional dogs the diet was supple- 
mented with 10 g. of crystalline cholesterol 
daily for sixteen months. Two dogs received 
0.8 to 1.2 g. of thiouracil plus 10 g. of cho- 
lesterol daily for twelve months. Serum 
cholesterol determinations were done bi- 
weekly throughout the experiment. All of the 
animals remained in good general health and 
gained weight. 

Thiouracil alone raised the average blood 
cholesterol levels 29 to 174 per cent but pro- 
duced no arterial lesions. Cholesterol alone 
raised the average blood cholesterol 150 to 
213 per cent and produced a few very early 
atherosclerotic lesions in one dog only. Cho- 
lesterol plus thiouracil produced striking in- 
creases in blood cholesterol (about 750 per 
cent) so that the average blood cholesterol 
values were usually in excess of 1000 mg. 
per cent. Postmortem examination in these 
2 dogs showed extensive generalized athero- 
sclerosis. The lesions were most marked in 
the abdominal aorta and its branches. The 
coronary vessels were involved with narrow- 
ing of their lumina. Atherosclerosis was 
present in the vessels of the circle of Willis. 
Gross plaques were found in the thoracic 
aorta, thyroid, subclavian, innominate, iliac, 
femoral, mesenteric, and renal arteries. 
Microscopic examination showed all stages 
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of development seen in human atheromatous 
plaques. 

These studies have several points of un- 
usual interest. The work with chicks pre- 
sents a method for the relatively rapid pro- 
duction of atherosclerosis in a species other 
than the rabbit. The lesions and the mech- 
anism of their formation may or may not be 
more analogous to those in man than are 
those in the rabbit. The work with dogs again 
presents a valuable new tool for studies of 
this problem. Although this method suffers 
from the disadvantage of taking more than 
a year to complete an experiment, it does 
present many advantages. The dog, like 
man, is omnivorous. Traditionally, diseases 
in the dog have been thought to resemble 
those in man more closely than with many 
other species. Atherosclerosis in the dog 
shows a remarkable resemblance to human 
atherosclerosis in its anatomic distribution 
and morphology. The production of cerebral 
and coronary lesions is especially noteworthy. 

These methods, as in previous methods, 
apparently depend for their success upon 
production of an elevated blood cholesterol 
for a protracted period. The implication of 
cholesterol and its esters in the genesis of 
atherosclerosis in man has been discussed 
previously (Nutrition Reviews 6, 99 (1948); 
7, 155 (1949)). A condition closely resem- 
bling atherosclerosis has been produced in 
monkeys by means of a pyridoxine-deficient 
diet (J. F. Rinehart and L. D. Greenberg, 
Am. J. Path. 25, 481 (1949); Nutrition Re- 
views 7, 254 (1949)). In this instance, no 
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specific relation to dietary or serum choles- 
terol was shown. 

Another point of interest in both studies 
with the chick and dog is the influence of 
the thvroid. It has long been known that 
changes in thyroid activity in man cause 
changes in blood cholesterol and cholesterol 
esters. The fact that thyroid substance will 
partially prevent cholesterol atherosclerosis 
in chicks, and the fact that production of 
cholesterol atherosclerosis in dogs apparently 
depends upon production of thyroid changes 
with thiouracil, make this connection even 
more evident. Much work has already been 
done on this subject with rabbits, but con- 
siderable clarification is needed. Other hor- 
mones such as estrogens are known to affect 
blood cholesterol (Nutrition Reviews 6, 164 
(1948)). I. L. Chaikoff, S. Lindsay, F. W. 
Lorenz, and C. Entenman (J. Exp. Med. 88, 
373 (1948)) have produced atherosclerosis in 
chickens using diethylstilbestrol, apparently 
by producing an elevated blood cholesterol. 

Nutritionists will be particularly inter- 
ested in the chick and dog methods. The 
nutritional requirements for these species 
are fairly well known. The use of purified 
diets in studies on the mechanism of pro- 
duction, and on the influence of dietary 
alterations other than cholesterol and fat 
would seem to be a promising avenue of in- 
vestigation. Now that these more acceptable 
methods are available, studies on methods 
of prevention and treatment should move 
forward rapidly. 


IRON METABOLISM AND THE HUMAN ERYTHROCYTE 


The human body affects rigid economy in 
its metabolism of iron. The iron contained 
in hemoglobin of red blood cells accounts 
for the largest portion of body iron. Iron 
released when erythrocytes are destroyed 
enters a relatively small labile pool to be 
rapidly reutilized for hemoglobin produc- 
tion. Smaller fractions of the total body iron 


are found in myoglobin, enzymes, and fixed 
tissue stores. These are apparently not 
readily available for synthesis of hemoglobin. 
Little iron is lost to the body by excretion, 
except when there is loss of blood (Nutrition 
Reviews 4, 291 (1946); 5, 150 (1947); T, 231 
(1949)). 

C. A. Finch, J. G. 


Gibson, W. C. Pea- 
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cock, and R. G. Fluharty (Blood 4, 905 
(1949)) have used radioactive iron in a study 
of the relation of erythrocyte and storage 
iron in normal subjects and in patients with 
a variety of hematologic disorders. The 
radioactive isotopes, Fe and Fe®’, were ad- 
ministered as single tracer doses in solutions 
given intravenously. Radioactivity of the 
circulating erythrocytes was determined at 
intervals in the subjects. A characteristic 
type of utilization curve was described in 9 
normal male volunteers. Within twenty-four 
hours tagged erythrocytes began to appear 
in the circulation. Thereafter, there was 
progressive increase in radioiron in the red 
blood cells for a period of two to three weeks, 
after which time the curve leveled off, 
findings which are in accord with those de- 
scribed earlier by R. Dubach, C. V. Moore, 
and V. Minnich (J. Lab. Clin. Med. 31, 1201 
(1946)). By the end of the fifteenth day an 
average ot 74 per cent of the injected radio- 
iron was found in the circulating erythro- 
cytes. 

Utilization of injected, radioactive iron 
for hemoglobin synthesis was studied in 6 
patients with iron deficiency associated with 
chronic blood loss. In each patient utiliza- 
tion of the injected iron was more rapid and 
complete than in normal subjects. This was 
thought to result from a decrease in iron 
stores and more rapid turnover. 

In patients with hemochromatosis — in 
whom iron stores were demonstrated to be 
greatly increased, utilization of radioiron was 
profoundly depressed although red cell pro- 
duction was normal. Utilization did not ex- 
ceed 20 per cent in these patients. It is pro- 
posed that this procedure is at least in part 
a measure of tissue iron stores in that utiliza- 
tion is inversely proportional to the extent 
of stores. 

In patients with refractory, aplastic, or 
myelophthisic anemia in whom bone marrow 
activity was markedly depressed, it was 
demonstrated that only a small amount of 
radioactivity appeared in the peripheral 
blood and utilization curves were flattened. 
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A similar type of defect was found in 5 pa- 
tients with uremia. The degree of impair- 
ment of iron utilization paralleled the se- 
verity of azotemia. As nitrogen retention 
was alleviated, iron utilization improved. 
Similar determinations in a group of pa- 
tients with severe prolonged infections in- 
dicated inhibition of utilization of radioiron 
proportionate to the general severity of the 
infection and seemed to result from decreased 
red cell production. 

When the hematologic defect was that of 
hemolytic anemia there was rapid initial rise 
in the radioactivity of the circulating eryth- 
rocytes but peak utilization occurred early 
and was of extremely low order, being no 
more than 16 per cent in most of the patients. 
Certain of these patients had had blood 
transfusions prior to the injection of radio- 
iron, a factor which may have depressed 
utilization. 

Results of these experiments concerning 
the utilization of injected radioiron indicate 
that if erythropoiesis is not altered, the per- 
centage of administered radioiron utilized 
for hemoglobin production is inversely re- 
lated to the extent of iron stores. It is shown, 
also, that depression of function of the mye- 
loid tissue is associated with failure to utilize 
injected iron. 

To study the intraerythrocytic phase of 
iron metabolism, investigations recently re- 
ported from the same laboratories have 
taken advantage of inhibition of iron utiliza- 
tion for hemoglobin production associated 
with depressed bone marrow function and in- 
creased iron stores (C. A. Finch, J. A. Wolff, 
C. E. Rath, and R.G. Fluharty, J. Lab. Clin. 
Med. 34, 1480 (1949)). 

Radioiron was administered by injection 
to donor subjects. Blood was taken after 
selected intervals from these individuals and 
administered to suitable recipients. The 
tagged red cells were shown to be of about 
the same age with a mean time of appearance 
in donors’ blood four days after the injec- 


tion of radioiron. When these cells were 
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transfused into recipients with one of the 
hematologic defects, preventing reutiliza- 
tion of iron, and radioactivity of the blood 
cells was determined at intervals, it was 
possible to determine the length of time that 
these cells survived. The period elapsing 
from the fourth day after the injection of 
radioiron into the donor to the date on which 
50 per cent of the radioactive erythrocytes 
had disappeared from the blood stream of 
the recipient was taken as the average life 
span of the red blood cells. Mean survival 
of cells from a normal donor was found to 
be a hundred and ten days when injected 
into a patient with aplastic anemia. This 
period is in accord with other data of the 
life of the human red cell (Nutrition Reviews 
5, 156 (1947)). It represents an erythrocyte 
iron turnover of approximately 1 per cent 
per day. 

Red blood cells from a patient with per- 
nicious anemia previously treated with liver 
extract were shown to have a similar life 
span. Fractionation of the cellular elements 
of this donor’s blood demonstrated that the 
radioactivity occurred almost exclusively in 
the reticulocytes. Erythrocytes from an in- 
dividual with iron deficiency were found to 
have a survival period shorter than normal. 
There was some suggestion that the life span 
of cells from a single donor varied somewhat 
in recipients with different types of anemia. 
blood 
associated with the loss of about 20 per cent 


Storage of before transfusion was 


of the transfused red cells but remaining 
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erythrocytes survived what would seem to 
have been a normal life span. 

In another series of experiments radioiron 
was administered intravenously to 3 normal 
male subjects. Attempts were then made to 
provide greatly increased iron stores by 
administration of large doses of ferrous sul- 
fate by mouth for periods of several months. 
Some interference with reutilization of iron 
was achieved. The mean life span of the sub- 
jects’ own radioactive erythrocytes was 
estimated to be a hundred and twenty-five 
days in 2 subjects and a hundred and four- 
teen days in another. 

These again demonstrate 
that the iron of erythrocyte hemoglobin does 
not enter into exchange with other iron com- 
pounds of the body, at least from the stage 
of the reticulocyte to destruction and dis- 
integration of the red cell. At the end of the 
cell life span iron enters a body pool for 
ready resynthesis of hemoglobin. It is es- 
timated by Finch and collaborators (loc. cit.) 
that this pool is no greater than 100 mg. of 
iron. The total quantity of storage iron is 
much greater than this. It is suggested that 
the small pool of labile iron does not repre- 
sent a special chemical form of storage iron 
but that it lies on the “top soil” of the 
stores and is, therefore, more labile because 
of its physical characteristics. The use of 
isotopes may permit further study of the com- 
pounds composing iron stores of the body 
and their relation to that phase of the iron 
cycle concerned with hemoglobin synthesis. 


observations 


DIETARY PROTEIN AND EXPERIMENTAL LIVER REGENERATION 


Regeneration of liver tissue following die- 
tary or toxic injury or following partial 
hepatectomy occurs with remarkable speed. 
(For a brief review of the voluminous liter- 
ature on this subject see H. P. Himsworth, 
“The Liver and Its Diseases,’”’ Harvard Uni- 
versity Press, Cambridge (1947)). The effect 
of dietary protein, certain vitamins, and 
amino acids in preventing and treating 


dietary liver injury due to deficient diet has 
been studied extensively (Nutrition Reviews 
7,302 (1949)). 

The influence of nutrients, included in the 
diet, upon regeneration of the liver follow- 
ing partial hepatectomy had not received 
extensive study until the work reported from 
the Harrison Department of Surgical Re- 
search at the University of Pennsylvania 
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Medical School (H. M. Vars and F. N. Gurd, 
Am. J. Physiol. 161, 391, 399 (1947); Gurd, 
Vars, and I. 8. Ravdin, J/bid. 152, 117 (1948); 
Gurd and Vars, Arch. Path. 48, 140 (1949)). 

In general, these studies were concerned 
with the rate of regeneration of liver tissue 
and liver protein following partial hepa- 
tectomy, and the influence upon regeneration 
of protein starvation, both preoperative and 
postoperative, of protein feeding, and of fat 
feeding. 

Young adult male Wistar rats were an- 
esthetized with ether and the left lateral and 
median lobes of the liver removed. The 
amount of liver remaining averaged 30.6 per 
cent of the total liver weight, with a varia- 
tion from 28.1 per cent to 33.5 per cent, and 
with a standard deviation of +1.34 per cent. 
Thus, the experiments were reproducible 
and from this knowledge it was possible to 
predict, in any series of rats, how much 
liver tissue remained, and thus how much 
had been removed. Most of the groups of 
animals were maintained throughout the ex- 
periment either on the protein-free diet or 
on an 18 per cent casein diet. However, some 
animals were given other protein following 
hepatectomy, and in a few groups 27 per 
cent or 50 per cent casein was given before 
the operation and was continued postop- 
eratively. 

Depletion following preoperative protein 
starvation resulted in distinct reduction in 
the total liver mass expressed as percentage 
of body weight. The reduction in liver pro- 
tein due to this period amounted to 42 per 
cent. 

During regeneration, animals were killed 
on the first, second, fourth, eighth, and 
fourteenth days postoperatively. Analyses 
were made for water, glycogen, lipid, and 
protein composition of the liver tissue re- 
moved at operation and at killing. In this 
way, not only depletion, but rate of regen- 
eration of total liver mass and of the sub- 
stances analyzed, could be determined. 

The most striking finding was that the 
rats given a nonprotein diet both pre- and 
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postoperatively (periods of fourteen days 
each) regenerated liver tissue, including all 
the components which were analyzed, al- 
though, as might be expected, not to the 
extent found in the protein-fed animals. 

The rate of formation of the various com- 
ponents differed, however. Thus lipid ap- 
peared in almost normal amounts in the first 
day. Glycogen deposition was delayed until 
the second day, and then began to appear. 
Protein began to appear in the regenerating 
liver during the first two days and was most 
rapid during this time and, furthermore, 
considerably more rapid in the _ protein- 
starved than in the protein-fed animals. This 
situation was reversed after two days so that 
the protein-fed animals laid away more pro- 
tein than those on the protein-starvation 
diet. At the end of the fourteen days the 
protein-fed animals had formed 0.37 g. of 
new protein per 100 g. of body weight, while 
the protein-starved animals formed only 0.17 
g. The animals maintained on the much 
higher casein intake also formed more new 
liver protein than did those on the 18 per 
cent diet. Methionine was administered to 
some of the animals as 1 per cent of their 
diet and appeared to enhance slightly the 
effect of the casein alone. 

Proteins other than casein were studied. 
Gelatin and zein did not induce regeneration 
of liver protein over that which occurred on 
the protein-free diet. On the other extreme, 
fibrin and whole egg protein appeared to be 
better than casein in forming new liver pro- 
tein, while wheat gluten and liver protein 
were either slightly below or equivalent to 
that of the casein itself. 

When the nitrogen balance in these ani- 
mals was studied postoperatively it was ob- 
served that, for moderate ranges of nitrogen 
balance, the amount of new liver protein 
formed, in grams per 109 g. of body weight, 
bore a linear relation to the nitrogen balance. 
With a strongly positive nitrogen balance 
there was somewhat more liver protein laid 
down than there was retention of nitrogen 
in the body. These relations held true for all 
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of the dietary proteins except for gelatin in 
which there was less liver protein formed 
than would be expected on the basis of 
nitrogen balance (Nutrition Reviews 3, 11 
(1945)). The authors interpreted the results 
relating nitrogen balance to liver-protein 
regeneration to mean that the effect of the 
dietary protein was largely to spare body 
nitrogen and to do this without regard to 
whether nitrogen balance was positive or not. 

The diet used in most of the studies was 
low in fat (3 per cent). In one series, how- 
ever, diets containing 10 and 30 per cent 
fat were fed but no increase in the nitrogen 
retention or liver-protein regeneration was 
observed, although there was some decrease 
in negative nitrogen balance when the ani- 
mals were on a protein-free diet, postop- 
eratively. In the animals given casein before 
and after operation, addition of fat increased 
the food intake and therefore the liver-pro- 
tein regeneration and nitrogen balance. 

The activities of the enzymes, arginase, 
rhodanese, and  adenosinetriphosphatase, 
were analyzed, and compared with the 44 
per cent loss in protein during the preop- 
erative protein starvation period, the arginase 
activity was reduced by 70 per cent, rho- 
danese by 65 per cent, and adenosinetriphos- 
phatase by 50 per cent. During regeneration 
there was a strikingly rapid reappearance 
of arginase so that within the first two days 
after partial hepatectomy, at a time when 
only about 36 per cent of the removed liver 
protein was regenerated, there was even 
more arginase than in the total liver before 
operation. The rhodanese and adenosine- 
triphosphatase activities remained low fol- 
lowing partial hepatectomy. The authors 
thought that the rise in liver arginase fol- 
lowing hepatectomy was a reflection of in- 
creases in endogenous protein metabolism, 
as a consequence of the operation. 

In another study, the rate of liver regen- 
eration and the nitrogen balance were 
studied following partial hepatectomy and 
simultaneous adrenalectomy. The animals 
were maintained after operation by adminis- 
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tration of saline drinking water. The amount 
of liver-protein regeneration was diminished 
in adrenalectomized animals compared with 
those with intact adrenals and was observed 
in both the protein-fed animals and those 
maintained on the protein-free diet. Ad- 
ministration of an extract of whole adrenals 
increased the ability of these animals to re- 
generate liver protein. Other animals given 
11-dehydrocorticosterone acetate and 11- 
dehydro, 17-hydroxycorticosterone (acetate) 
postoperatively, likewise had stimulation of 
protein regeneration. Desoxycorticosterone 
acetate appeared to be the most active in 
this regard. 

The pathologic changes in the liver and 
other organs following protein depletion, 
partial hepatectomy, and liver tissue and 
protein regeneration were likewise studied. 
In a small percentage of animals that had 
been depleted of protein before the operation 
a severe focal necrosis could be seen follow- 
ing partial hepatectomy. These animals all 
recovered from the operation itself but ate 
little or nothing between the operation and 
death, which usually occurred during the 
second day. They appeared to die in a coma- 
tose state, although terminal convulsions 
sometimes developed. The livers of these 
animals were grossly pale except for hemor- 
rhagic areas scattered in the remaining liver. 
Microscopically there was massive hepatic 
necrosis with infarction, leucocytic infiltra- 
tion, and death of liver cells which occurred 
most marked in the mid-zonal region of the 
liver, leaving intact parenchyma about the 
central vein. Except that it was related to 
previous protein depletion, the exact cause 
of the necrosis was not explained by the 
authors. It was suggested, however, that fol- 
lowing 70 per cent hepatectomy the amount 
of liver tissue remaining was inadequate to 
support life unless a prompt regeneration 
occurred, and that in those instances in which 
regeneration might have been delayed for 
unknown reasons, death with hepatic ne- 
crosis ensued. In support of this was the ob- 
servation that mitoses were not observed in 

















the livers of the animals dying with hepatic 
necrosis. 

The source of nitrogen which allowed 
liver regeneration to occur in protein-de- 
pleted animals maintained on a protein-free 
diet after operation was assumed to come 
from the body tissue. However, there was 
marked involution of the thymus following 
hepatectomy in these animals, and it was 
suggested that the nitrogen so released might 
have contributed to liver regeneration. 

Hemorrhagic and degenerative lesions 
were not noted in the kidneys, nor were 
lesions found in the adrenal glands. The ad- 
renals of animals fed the nonprotein diet 
were smaller than those of animals in a good 
nutritional state. There was gross adrenal 
enlargement, postoperatively, in a few ani- 
mals who were either starved or restricted 
in their caloric intake. 

Although sections were made of the lapa- 
rotomy wounds in the animals on the various 
diets both before and after hepatectomy, 
there did not seem to be any marked differ- 
ence in the incidence of: wound infection or 
in the ability to heal wounds as observed 
pathologically. There was some increase in 
cellularity in the wounds of the animals 
which had been protein depleted. 

In summary, these studies show that rats, 
protein depleted for fourteen days before 
partial hepatectomy and maintained on a 
protein-free diet after hepatectomy, never- 
theless regenerate a considerable amount of 
liver tissue. It was assumed that the nitrogen 
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for this liver regeneration came from body tis- 
sue protein, perhaps in part from the observed 
involution of the thymus. Regeneration of 
the constituents of liver tissue—water, gly- 
cogen, lipid, and protein—were about equiv- 
alent and led to liver tissue of approxi- 
mately normal composition, although the 
rate of replacement of these components 
differed somewhat during the period of re- 
generation. 

Protein feeding postoperatively hastened 
regeneration of the liver after the first two or 
three days and led to an increased amount 
of regenerated liver tissue at the end of 
fourteen days after hepatectomy. Casein was 
used as the standard protein for studying re- 
generation at an 18 per cent level; higher 
levels resulted in greater regeneration of 
liver protein. Methionine appeared to en- 
hance this effect slightly. In comparison 
with casein, fibrin and whole egg protein 
were superior, liver protein about the same, 
wheat gluten somewhat poorer, and gelatin 
and zein ineffective with regard to stimu- 
lation of regeneration above that of animals 
maintained on a protein-free diet. Furnish- 
ing dietary protein postoperatively appeared 
to spare body nitrogen, since with new liver- 
protein production of moderate degree there 
was a direct relation with nitrogen balance. 
This held true for all proteins studied ex- 
cept for gelatin, which at the levels of nitro- 
gen balance studied, failed to increase or 
actually decreased the amount of new liver 
protein formed. 


RELATION BETWEEN VITAMIN B,, AND INTRINSIC FACTOR 


The results of investigations of the past 
two decades have provided important in- 
formation concerning hematopoiesis and the 
antipernicious anemia principle. Two essen- 
tial factors are recognized, the intrinsic or 
gastric factor and the extrinsic factor con- 
tained in food. The intrinsic factor is labile 
to heat and is probably an enzyme. The ex- 
trinsic factor is heat-stable. The two factors, 


by interaction within the gastrointestinal 
tract, are stated to give rise to the anti- 
pernicious anemia principle which is stored 
in the liver. Absence of intrinsic factor in 
gastric secretions prevents utilization of ex- 
trinsic factor. It is under these conditions 
that inhibition of hematopoiesis occurs and 
pernicious anemia results (Nutrition Reviews 
3, 7, 136 (1945)). 
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Evidence has seemed to indicate that ex- 
trinsic factor and the erythrocyte matura- 
tion principle of liver are two different and 
distinct substances. However, mechanisms 
of interaction between extrinsic and intrinsic 
factor to form antipernicious anemia princi- 
ple have not been clearly defined. Recogni- 
tion and isolation from liver of a highly 
potent antianemia substance, vitamin By, 
have provided a new method of approach 
to the study of these relations. 

An earlier review (Nutrition Reviews T, 
146 (1949)) records observations that the 
hematopoietic activity of vitamin By in 
pernicious anemia is potentiated by normal 
gastric juice and that there is great loss of 
Vitamin By in the feces of patients with 
pernicious anemia. The hypothesis was pre- 
sented that gastric juice is active by means 
of a favorable effect on absorption of the 
vitamin from the intestinal tract. It 
suggested, also, that extrinsic factor in food 
and vitamin By may be identical with or 
closely related to the antipernicious anemia 
principle of liver. 

- B. E. Hall, E. H. Morgan, and D. C. 
Campbell (Proc. Staff Meetings Mayo Clinic 
24, 99 (1949)) report observations which 
confirm certain of these findings. Oral ad- 
ministration of 25 to 35 micrograms of vita- 
min By, weekly failed to elicit an hemato- 
poietic response in 2 patients with pernicious 
anemia in relapse. Similarly, when 150 ml. 
of pooled gastric juice previously passed 
through a Berkefeld filter were fed daily for 


was 


six days to a patient with pernicious anemia, 
no evidence of stimulation of hematopoiesis 
was observed. However, daily ingestion of 
5 micrograms of vitamin By plus 150 ml. of 
pooled filtered gastric juice resulted in reticu- 
locyte response. When vitamin By» was ad- 
ministered two hours prior to the feeding of 
gastric juice, the hematopoietic response was 
good and in no way different from that ob- 
served when the two materials were given 
together. 

This whole field of investigation has been 
greatly advanced in the past by the beauti- 
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fully conceived and executed experiments of 
W. B. Castle and associates. Further infor- 
mation has been made available by a recent 
report from this laboratory (F. H. Gardner, 
J. W. Harris, R. F. Schilling, and Castle, 
J. Lab. Clin. Med. 34, 1502 (1949)). Experi- 
ments were designed to determine whether 
extrinsic factor alone can act directly as the 
antipernicious anemia principle and to test 
the specificity of the potentiating action of 
intrinsic factor for vitamin By. 

Subjects of these experiments were pa- 
tients with pernicious anemia in relapse or 
previously untreated. They were provided a 
basal diet which contained no meat, fish, or 
eggs, and but little milk. Test substances were 
administered at 8 p.m., at least four hours 
after the last meal of the day. 

Extrinsic factor was provided in an ex- 
tract of lean beef muscle containing ma- 
terials soluble in water and in 70 per cent 
alcohol. An amount of the extract derived 
from 400 g. of beef muscle was administered 
daily for periods of ten consecutive days, 
first orally, then orally with 150 ml. of nor- 
mal human gastric juice, and finally intrave- 
nously without gastric juice. Hematopoietic 
activity was evaluated by determination 
of the reticulocyte count in the peripheral! 
blood. 

In only one of 3 patients given the muscle 
extract by mouth for ten days was there a 
detectable increase in the reticulocyte count. 
In each of four instances when the muscle 
extract was administered orally with normal 
human gastric juice a reticulocyte response 
occurred. the 
muscle extract was demonstrated in each pa- 


Hematopoietic activity of 


tient to whom it was administered intra- 
venously for ten days, and such a response 
occurred, also, in patients previously given 
the muscle extract with gastric juice by 
mouth, indicating greater hematopoietic ac- 
tivity with parenteral administration. How- 
ever, the reticulocyte 


response resulting 


from the daily intravenous injection of this 


quantity of muscle extract proved to be less 
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than that produced by daily intramuscular 
injection of 1 of crystalline 
vitamin By. 

The activity of vitamin By given orally 
had been demonstrated previously to be sub- 
stantially increased by administration of 
normal human gastric juice. This finding 
might be explained if it could be demon- 
strated that the presence of gastric juice in- 
creased intestinal absorption. Such an effect 
might well influence the absorption of other 
substances. 

Castle and associates (loc. cit.) attempted 
to evaluate the effect of normal gastric juice 
on the absorption of materials unrelated 
chemically to vitamin By in patients with 
pernicious anemia. Blood alpha-amino nitro- 
gen and nonprotein nitrogen were determined 
at intervals after ingestion of 50 g. of vita- 
min-free casein in physiologic saline or in 
normal human gastric juice. Similarly, the 
concentration in blood of glucose and of 
tyrosine was determined after oral adminis- 
tration of 50 g. of glucose and 10 g. of ty- 
rosine in saline or in gastric juice. There was 
no evidence of enhanced absorption of casein, 
glucose, or tyrosine which could be attrib- 
uted to the gastric juice. 

Other experiments demonstrated that 
gastric juice was without effect in poten- 
tiating the absorption or activity of 0.5 mg. 
of pteroylglutamic acid given orally. On the 
basis of the evidence presented, it seems 
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reasonable to conclude that the action of 
intrinsic factor is a specific one, potentiating 
the hematopoietic effect of vitamin By or of 
substances closely related in chemical struc- 
ture and function. 

The effect of gastric juice in potentiating 
the reticulocyte response of 5 micrograms 
of crystalline vitamin By was compared with 
that observed with muscle extract containing 
less than 1 microgram of vitamin By by 
microbiologic assay. The impression was 
gained that potentiation was substantially 
greater with the muscle extract. The au- 
thors state the opinion that muscle and other 
foods may contain various materials which 
function as extrinsic factor and that these 
substances possess this action because they 
are similar in 
Vitamin By. 

Certain revisions are indicated in concepts 
previously held relative to hematopoiesis. 
Present evidence would indicate that 
trinsic factor is identical in function to anti- 
pernicious anemia factor. It is likely that a 
number of different substances of closely re- 
lated chemical structure will be shown to 
possess the activity of extrinsic factor. At 
this writing it must be accepted that in- 
trinsic factor has a specific action in poten- 
tiating the hematopoietic activity of ex- 
trinsic factor and that it does not produce 
its effect by general enhancement of in- 
testinal absorption. 


chemical structure’ to 


exX- 


INCOMPLETE PROTEIN HYDROLYSATES IN PARENTERAL NUTRITION 


Both of the hydrolytic methods for pro- 
teins used in preparing parenteral nutrients 
have presented serious technical difficulties. 
The destructive effects that acid hydrolysis 
may have on some amino acids encouraged 
the development of enzymatic hydrolysates. 
In the meantime, the technical problems of 
acid hydrolysis appear to have been sur- 
mounted in considerable measure. A serious 
problem remains with enzymatic hydrolysis: 
securing relatively complete cleavage to 


amino acids, or eliminating fragments of 
intermediate size resulting from incomplete 
cleavage. The severe wastage which peptides 
undergo upon injection (Nutrition Reviews 
6, 53 (1948)) has been repeatedly demon- 
strated. The inefficiency resulting from the 
spillage into the urine of large amounts of 
injected peptides must depend not only 
upon the amount, but also upon the identity 
of the amino acids lost in this form. The 
biologie value of partial hydrolysates may 
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be largely or completely eliminated, pre- 
sumably by wastage of critical amounts of 
essential amino acids in peptide form (D. V. 
Frost, J. Heinsen, and R. T. Olsen, Arch. 
Biochem. 10, 215 (1946); R. H. Silber and 
C. C. Porter, J. Nutrition 38, 155 (1949)). 
The question of the effect of incomplete 
hydrolysis on the nutritional value of in- 
jected proteins has been reopened (J. B. 
Allison, B. F. Chow, J. I. White, and J. 8. 
Roth, J. Biol. Chem. 180, 383 (1949)). By 
the tryptic enzymes, 
carboxypeptidase, and pancreatic 


consecutive use of 
extract, 
three hydrolysates of casein were prepared 
containing 18, 40, and 60 per cent of their 
alpha-amino nitrogen in the free form 
(Chow, Allison, and White, J. Nutrition 36, 
231 (1948)). Nitrogen-balance indices were 
then compared by Allison’s method. Three 
adult litter-mate beagle dogs were main- 
tained for seven days on a lactalbumin diet, 
providing 120 mg. of protein nitrogen and 70 
calories per kilogram of body weight. On 
each of the next four days the casein hydroly- 
sates were injected, 120 mg. of hydrolysate 
nitrogen per kilogram of body weight in two 
hours. Immediately after the infusions a 
protein-free diet was fed, 70 calories per 
kilogram. During days 12 to 14, the dogs 
again received the lactalbumin diet. The 
increase in urinary nitrogen per kilogram 
during days 8 to 11 (on the hydrolysates) 
over that on days 5 to 7 and 12 to 14 (on 
lactalbumin) was observed. The nitrogen- 
balance index was taken as one minus this 
difference divided by 120 (the nitrogen in- 
take). 

The index obtained for the 18 per cent 
hydrolysate (twelve daily determinations) 
was 0.52, standard error, 0.08; for the 40 per 
cent hydrolysate 0.50, standard error 0.08; 
for the 60 per cent hydrolysate (eight daily 
determinations, or presumably two experi- 
mentsas described above) was 0.57, standard 
error 0.09. The study, therefore, failed to 
establish a dependence of the nitrogen- 
balance index upon degree of hydrolysis for 
these three hydrolysates of casein. 
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The authors are inclined to conclude that 
their study established zndependence of the 
index and the degree of hydrolysis. This 
view needs careful study. Suppose that one- 
third of the extra peptide nitrogen present 
in the ‘40 per cent”? hydrolysate, compared 
with the “60 per cent” hydrolysate, was 
spilled into the urine. This extra loss of 
about 8 mg. of nitrogen per kilogram per day 
should, according to the reviewer’s calcula- 
tions, diminish the nitrogen-balance index 
by about 0.07 (assuming the amino acids 
spilled are similar in character to those re- 
tained). This was the difference actually ob- 
served. That the calculated difference was 
not statistically significant was a conse- 
quence of the large variance of the indices 
obtained (the standard errors were 16 per 
cent of themeans). Apparently large improve- 
ments in biologic efficiency would be detect- 
ed only by the assay procedure used. 

Allison and his associates also measured 
the urinary excretion of free and bound 
amino acid nitrogen by the manometric 
ninhydrin procedure. Substantial losses of 
bound alpha-amino nitrogen were recorded. 
A major part of the extra peptide loss oc- 
curred during the actual infusions, and only 
about one-tenth of the total peptide loss oc- 
curred later than an hour after the infusion. 
Study of Allison’s data (Table II) leads the 
reviewer to an interesting conclusion, that 
the action of carboxypeptidase (in convert- 
ing the “18 per cent’ hydrolysate to the 
“40 per cent”? hydrolysate) makes the sur- 
viving peptides more than twice as subject 
to spillage. This would require that some 
peptides had been converted to less-utilized 
forms. This unexpected effect is the reverse 
of that obtained by increasing the degree of 
acid hydrolysis of fibrin from 37 per cent to 
60 per cent (H. N. Christensen, E. L. 
Lynch, D. G. Decker, and J. H. Powers, 
J. Clin. Invest. 26, 849 (1947)). The peptide 
wastages observed seem to be consistent 
with the nitrogen-balance indices. 


Questions of incidental interest are these: 
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How much would the efficiency of nitrogen 
utilization have been influenced if the hy- 
drolysates had been supplied in several 
doses or over longer periods each day? Was 
the calorie feeding by mouth, coming after 
the two-hour infusion by vein, ideally timed 
with amino acid assimilation? 

The possibility of disproportionate nitro- 
gen inefficiency must be considered for any 
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partial hydrolysate upon injection into a 
given species. In this study Allison and his 
associates have shown that there is no re- 
markable over-all difference in efficiency 
among their three casein hydrolysates for 
the dog. This study should not, however, 
have the effect of contradicting the de- 
sirability of extensive hydrolysis of protein 
for parenteral nutrition. 


CONVERSION OF TRYPTOPHAN TO NIACIN DEMONSTRATED 
BY RADIOCARBON 


The amino acid tryptophan may replace 
niacin in the diet of mammals (Nutrition 
Reviews 3, 267 (1945); 4, 334 (1946); 5, 110 
(1947)). Indirect evidence indicated that 
this action of tryptophan resulted from its 
conversion to niacin within the animal body 
(Ibid. 4, 334 (1946); 5, 247 (1947)). The 
mechanism and site of synthesis of niacin 
from tryptophan have been debated. It has 
been variously held that synthesis occurs in 
the tissues of the body (/bid. 7, 187 (1949)) 
or that it results by action of bacteria within 
the intestinal tract (Jbid. 6, 233 (1948)). 
Attempts to establish tryptophan as a pre- 
cursor of niacin in the metabolism of in- 
testinal organisms grown in culture mediums 
were not successful (Jbid. 7, 307 (1949)). 

Within the past year reports of experi- 
ments which have utilized tryptophan 
labeled with radiocarbon have provided 
incontrovertible evidence that the amino 
acid is converted to niacin. Rats fed tryp- 
tophan containing C"‘ in the 3-carbon of the 
indole ring were demonstrated to excrete 
niacin with the isotope in the carboxyl group 
(C. Heidelberger, E. P. Abraham, and 8. 
Lepkovsky, J. Biol. Chem. 176, 1461 (1948)). 
The details of these experiments are de- 
scribed in a second paper by these workers 
(Ibid. 179, 151 (1949)). 

Young male rats which had been main- 
tained on a 12 per cent casein- and niacin- 
deficient diet for one week were given a 
solution containing 75 mg. of pL-tryptophan- 


3-C'4 by stomach tube. The urine excreted 
by these animals was collected during the 
succeeding thirty-six hours. The quantity of 
N’-methylnicotinamide, the chief urinary 
excretory product of niacin, appearing in the 
urine was determined. There was a twenty- 
fold increase in the quantity excreted after 
tryptophan feeding. N’-methylnicotinamide 
was isolated from the urine and its specific 
activity determined by measurement of 
radioactivity in a nucleometer. Radiocarbon 
was demonstrated to be present in the N’- 
methylnicotinamide isolated, and in con- 
centrations, indicating a fivefold dilution by 
body pools of tryptophan and niacin or the 
various intermediates in this system of 
synthesis. Niacin preparedfrom N’-methyl- 
nicotinamide isolated from urine was shown 
to contain radiocarbon. Decarboxylation of 
the niacin and determination of the radio- 
activity of the carbon dioxide derived, in- 
dicated that the C' the 
‘arboxyl group. Therefore, it is clear that 
the 3-carbon atom of tryptophan is the 


Was present in 


precursor of the carboxyl carbon of niacin. 
It is readily apparent that a number of 
intermediate products must be involved in 
the tryptophan to niacin, 
since the two compounds are so dissimilar in 


conversion of 


structure. Isotopic procedures have assisted 
greatly in establishing or confirming several 
products or precursors (C. Heidelberger, M. 
E. Gullberg, A. F. Morgan, and 8. Lepkov- 
sky, J. Biol. Chem. 179, 143 (1949)). Kynu- 


86 


renine was shown to occupy an intermediate 
position in the synthesis of niacin from 
tryptophan by Neurospora (Nutrition Re- 
views 6, 50 (1948)). Four grams of tryp- 
tophan containing C'* in the beta carbon of 
the alanine side chain were injected sub- 
cutaneously in a young rabbit. Kynurenine 
was isolated from the urine excreted by the 
animal during the following forty-eight 
hours. Radiocarbon was demonstrated in 
this compound and the specific activity in- 
dicated a dilution of 63 per cent by the body 
pool of tryptophan and kynurenine. Cleav- 
age of the kynurenine isolated demonstrated 
that only the beta-carbon atom of the com- 
pound the Similarly, 
kynurenic acid isolated from the urine of 
dogs fed pL-tryptophan-beta-C'! was found 
to contain radiocarbon in the 3 
tion of that compound. 


contained isotope. 


-carbon posi- 


When tryptophan containing radiocarbon 
in the beta position was given to rats by 
stomach tube, detectable 
radioactivity in the N’-methylnicotinamide 
isolated from urine. Radiocarbon, also, 
failed to appear in N’-methylnicotinamide 
excreted by rats, fed kynurenine, isolated 
from animals fed similarly labeled tryp- 
tophan. It therefore, demonstrated 
that pL-tryptophan is converted to kynu- 
renine in rabbits and to kynurenic acid in 
dogs, and that the alanine side chain of 


there was no 


was, 


tryptophan is lost in its conversion into 
niacin. 

Labeling carbon atom 3 of the indole ring 
of tryptophan established with certainty the 
conversion of the amino acid to niacin with 
the radiocarbon appearing in the carboxyl 


DIET AND INDUCTION OF 


Induction of primary hepatomas in ani- 
mals by incorporation of certain azo dyes in 
the food is influenced by composition of the 
diet (Nutrition Reviews 4, 353 (1946)). For 
example, riboflavin inhibits carcinogenesis 
and a 24 per cent casein diet reduces the 
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‘varbon of the vitamin. The experiments did 
not demonstrate the immediate precursor of 
niacin in the metabolic sequence. However, 
earlier studies with Neurospora (H. K. 
Mitchell and J. F. Nye, Proc. Nat. Acad. 
Sct. 34, 1 (1948)) had demonstrated that 3- 
hydroxyanthranilic acid is a key inter- 
mediate. Also, it was found that when this 
compound was fed to rats, there followed an 
increased excretion of N’-methylnicotina- 
mide (P. W. Albert, B. T. Scheer, and H. J. 
Deuel, J. Biol. Chem. 176, 479 (1948)). 
Heidelberger and associates conclude that 
hydroxyanthranilic acid is the immediate 
precursor of niacin and that the 3-carbon of 
tryptophan appears as the carboxyl carbon 
of hydroxyanthranilic acid. The following 
system of synthesis probably best fits the 
experimental findings: 

Tryptophan — Kynurenine — 3-Hydroxy- 
anthranilic acid — Niacin — N’-methyl- 
nicotinamide. 

Labeling tryptophan with radiocarbon 
has made it possible to demonstrate with 
certainty the conversion of this amino acid 
to niacin and to describe a number of inter- 
mediate products. This technic would seem 
to offer opportunities for further elucidation 
of the metabolism of these compounds. The 
relative importance of synthesis in body 
tissues and by bacteria of the intestinal 
tract might be appraised. It would also be 
possible to evaluate more effectively the 
contribution of niacin synthesis from tryp- 
tophan occurring in experimental animals on 
different levels of dietary intake of protein, 
niacin, and other water-soluble vitamins. 


HEPATOMA BY AZO DYES 


incidence of hepatomas somewhat compared 
with a 12 per cent casein diet. The casein 
effect was shown by A. C. Griffin, C. C. 
Clayton, and C. A. Baumann (Cancer Re- 
search 9, 82 (1949)) not to depend entirely 
upon the methionine content of the casein, 
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although some effect could be attributed to 
this amino acid. The concentration of ribo- 
flavin in the liver was increased by the feed- 
ings of high casein or of methionine. 

Azo dye is bound by liver protein and 
formation of bound dye varies with the 
-arcinogenicity of the dye or the diet fed. 
Thus, the amount of bound dye was de- 
creased by feeding riboflavin. This suggested 
that the inhibitory action of riboflavin 
might act by reducing the amount of dye 
bound. Since the hepatomas themselves 
contained no bound dye, it was suggested 
that the protein binding was a preliminary 
step in carcinogenesis. 

These studies have been extended and the 
results presented in several papers. The first 
of these (E. C. Miller, J. A. Miller, R. W. 
Sapp, and G. M. Weber, Cancer Research 9, 
336 (1949)) details chemical methods de- 
signed to compare, on a molar basis, the 
extent of protein binding of several azo dyes 
of varying carcinogenic potencies and relate 
the results to the incidence of hepatomas. 
The final concentration of bound dye was 
shown not to be related to carcinogenesis, 
but rather the rapidity with which maximum 
protein binding occurred was correlated 
with the highest percentage of hepatomas. 
Thus, the more powerful carcinogens might 
give rise to no higher final concentration of 
bound dye than the weaker azo compounds, 
but the former produced a maximal bound- 
dye concentration more promptly. 

On the basis of these studies the authors 
suggest that carcinogenesis may occur be- 
cause of some impaired synthetic ability, 
when liver cells are no longer able to bind 
dye, although they still continue to live. In 
fact, the ability to continue in a viable state 
in the further presence of carcinogen might 
depend upon a loss of ability to make pro- 
tein which is capable of binding dye. These 
altered cells, having won some measure of 
independence, might then become tumor 
cells. It is pointed out that the absence of 
protein-bound dye in tumor cells is in agree- 
ment with this concept. 
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Further investigation by differential ultra- 
centrifugation of the composition of livers 
and liver tumors in rats fed azo dyes is re- 
ported by J. M. Price, J. A. Miller, E. C. 
Miller, and G. M. Weber (Cancer Research 
9, 96, 398 (1949)). Homogenates of livers 
were separated into nuclei, large granules, 
small granules, and the supernatant fluid by 
centrifugation up to 19,000 G. Analyses were 
made of protein, nucleic acids, riboflavin, 
and protein-bound azo dyes. The noncancer- 
ous (in this case cirrhotic) liver tissue was 
separated from the tumors at autopsy. The 
amounts of protein and 
nucleic acid were found to be increased in the 
nuclear fractions of the tumors as compared 
with those in ‘‘normal”’ cells. Total protein 
and pentosenucleic acid were decreased in 
both the large and small granules in the 
tumors. The concentration of riboflavin per 
gram of protein was increased in the tumors, 
although decreased by one-half in the large 
granule fractions. 


desoxypentose- 


It may be said, then, that alterations in 
the diet can affect azo dye-hepatoma forma- 
tion, and that alterations in riboflavin, pro- 
tein, and nucleic acid distributions are ob- 
served in these hepatomas. The relation of 
the dietary changes to the distribution of 
these substances should be a fruitful field of 
study. 

C. C. Clayton and C. A. Baumann (Cancer 
Research 9, 575 (1949)) have reported an ex- 
periment in this connection. They fed a 
carcinogenic azo dye to rats for four weeks, 
then interrupted the dye feeding for four 
weeks, and continued again for a final four 
weeks. The effect of alterations in the diet 
during the dye-free period upon the final 
incidence of tumors was studied. 

Caloric restriction during the dye-free 
period increased tumor incidence. This is 
contrary to the usual effect of diminished 
food intake upon carcinogenesis, and was 
thought by the authors to be related to the 
growth-stimulating effect upon the liver of 
increasing food intake during the final dye- 
feeding period. A diet containing 24 per cent 
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casein and 20 mg. of riboflavin per kilo- 
gram, fed during the dye-free period, gave 
inconclusive results, being without effect in 
two experiments and producing a slight de- 
crease in tumor incidence in a third. 

These results were significantly different 
from those usually observed, in which ribo- 
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flavin fed with the azo dye retards tumor de- 
velopment markedly. The conclusion ap- 
pears to be that the so-called protective 
effect of riboflavin is primarily that of 
hastening the destruction of the carcinogenic 
azo dyes rather than of increasing the re- 
sistance of liver cells to tumor formation. 


SODIUM, POTASSIUM, AND ALLOXAN DIABETES 


Various phases of the investigations con- 
cerning alloxan diabetes have been described 
in this journal since the discovery by J. 8. 
Dunn, H. L. Sheehan, and N. G. B. Me- 
Letchie (Nutrition Reviews 2, 344 (1944)) 
that injection of alloxan monohydrate into 
rats resulted in the picture of true hypo- 
insulinism with blood glucose, 
glycosuria of 3.5 to 7.0 per cent, polyuria, 
polydipsia, polyphagia, and loss of weight. 
With alloxan-poisoned animals, it has been 


elevated 


possible to demonstrate that there is a pos- 
sible relation of the vitamins to this type of 
diabetes, in particular niacin and two of its 
derivatives, and a derivative of riboflavin 
(Ibid. 6, 95 (1948)). 

In another series of investigations, it was 
demonstrated that the ability of the alloxan- 
diabetic rat to convert glucose into carbon 
dioxide was not different enough from the 
normal to be measured by available pro- 
cedures (Nutrition Reviews 7, 58 (1949)). 
However, with the aid of deuterium as a 
tracer, clear evidence was obtained that the 
rat with alloxan diabetes had considerable 
impairment in its ability to utilize carbo- 
hydrate precursors for synthesis of fatty 
acids (Ibid. 3, 213 (1945)). 

In studies on the effect of varying levels 
of dietary sodium and potassium in diabetic 
patients, I. McQuarrie, W. H. Thompson, 
and J. A. Anderson (J. Nutrition 11, 77 
(1936)) observed a decrease in the fasting 
levels of blood sugar and a decrease in 
glycosuria at increased intakes of sodium 
chloride. However, increases in the potas- 
sium intake resultedin an antagonistic effect. 


A related finding in rats concerned the low- 
glucose tolerance of the Yale strain of rats 
which was increased by injections of sodium 
chloride (G. Sayers, M. Sayers, and J. M. 
Orten, Jbid. 26, 139 (1943)). The liver- 
glycogen content of these rats was found to 
be increased when chloride 
supplied. 


sodium was 

In view of the above observations with 
human subjects and with rats, R. R. Grunert 
and P. H. Phillips (J. Biol. Chem. 181, 821 
(1949)) studied the effect of various amounts 
of sodium and potassium in the diet on the 
severity of the diabetic state produced in 
rats by injection of alloxan. The experi- 
mental diet used was composed of sucrose, 
casein, corn oil, anda sodium- and potassium- 
deficient salt mixture. This portion of the 
ration was adequately supplemented with 
the necessary water-soluble and fat-soluble 
vitamins. Analyses of this basal ration by 
flame photometer indicated that only 0.005 
per cent sodium and 0.005 per cent potas- 
sium were present. Sodium and potassium 
were added as bicarbonates in the Amounts 
desired and at the expense of an equal 
amount of the whole ration. 

Weanling male rats were fed the various 
experimental diets for ten to twelve weeks. 
This length of time was adequate to produce 
eVidence of sodium deficiency in those rats 
receiving no sodium supplement. Then, 
after a fifteen-hour fast, they were given a 


subcutaneous injection of a 5 per cent 


aqueous solution of alloxan monohydrate at 
the rate of 75 mg. per kilogram of body 
weight. This level of alloxan had been de- 
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termined in preliminary experiments to be 
the amount at which normal rats would first 
fail to develop diabetes; in contrast, the 
level of alloxan required to produce diabetes 
in 90 to 95 per cent of normal rats had been 
previously shown to be 175 mg. per kilogram 
of body weight (E. H. Kass and B. A. 
Waisbren, Proc. Soc. Exp. Biol. Med. 60, 
303 (1945)). Following a twelve-hour fast, 
the blood sugar level was determined at each 
of zero, two, and four days after injection of 
alloxan. Those rats which had fasting blood 
sugars in excess of 175 mg. per cent were con- 
sidered to be in a diabetic state. Of 12 normal 
rats which received 75 mg. of alloxan per 
kilogram of body weight, only one was 
diabetic on the second day. In contrast, 9 of 
12 rats given 100 mg. per kilogram were 
diabetic on the second day. 

The frequency and severity of alloxan dia- 
betes were found to be increased in groups 
of rats fed sodium-deficient diets. For ex- 
ample, in one experiment, the potassium 
level was maintained at 0.25 per cent and 
the sodium level for the several groups 
varied from 0.005 per cent to 0.25 per cent. 
Six of the 9 rats fed the diet containing 
0.005 per cent sodium were observed to be 
diabetic on the second day, and 5 of the 6 
died that day. In contrast, there were only 
3 diabetic rats on the second day among the 
group of 8 rats fed the 0.25 per cent level of 
sodium. Actually, the maximum amount of 
protection was observed at 0.1 per cent 
sodium and further graded increases in so- 
dium intake did not decrease the incidence 
of diabetes. When the potassium level was 
maintained throughout another experiment 
at 0.5 per cent, similar effects of an increased 
sodium content in the diets were observed. 

The effect of potassium deficiency on the 
incidence of alloxan diabetes could not be 
studied directly, since the rats fed the diet 
which was stringently deficient in potassium 
died within two or three weeks. At varying 
levels of sodium ingestion, varying amounts 
of potassium, up to as high as 5.0 per cent 
of the ration, did not alter the incidence of 
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diabetes from that degree expected because 
of the sodium level. In other words, no evi- 
dence of an antagonism of the potassium to 
sodium was observed. 

The effect of potassium deficiency on the 
incidence of alloxan diabetes was investi- 
gated by the indirect route of administering 
desoxycorticosterone acetate to increase the 
excretion of potassium and decrease that of 
sodium. Desoxycorticosterone acetate was 
administered in peanut oil at the rate of 2 
mg. per rat per day by subcutaneous injec- 
tion. For the twenty-five days of hormone 
administration, they were fed the basal ra- 
tion plus 0.25 per cent sodium and 0.5 per 
cent potassium. Then these rats and their 
controls were injected with alloxan mono- 
hydrate at the level of 100 mg. per kilogram 
of body weight. After four days, they were 
injected again with a second dose of alloxan 
at the level of 125 mg. per kilogram. Of the 
6 rats given desoxycorticosterone acetate, 
none became diabetic after two doses of 
alloxan, while 4 of the 6 controls were found 
to be in a definitely diabetic state. Thus the 
indirectly induced 
would appear, on the basis of this small 
group of animals, to have had a protective 
effect in the development of alloxan diabetes 
in contrast to the increased susceptibility to 
alloxan diabetes observed in sodium defi- 
ciency. 


potassium deficiency 


In all groups of rats studied in the various 
experiments, the fasting level of blood sugar, 
prior to injection of alloxan, was in the range 
of 90 to 105 mg. per cent regardless of the 
sodium or potassium content of the diet. 
Thus, judging by the fasting glucose level, 
the sodium and potassium variation could 
not be interpreted as affecting carbohydrate 
metabolism. 

Determinations of the glutathione content 
of the blood were made in one series of 
animals in which the potassium level was 
kept constant at 0.5 per cent and the sodium 
level varied from 0.005 to 0.10 per cent. The 
average blood glutathione level increased 
from 8.1 mg. per cent for the rats fed the 
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ration with 0.005 per cent sodium for six to 
seven weeks to 31.2 mg. per cent in rats 
fed the diet with 0.10 per cent sodium. 
Whether the effect of sodium deficiency on 
blood glutathione is the only cause for the 
increased susceptibility to alloxan diabetes, 
as Grunert and Phillips suggest, is open to 
question on the basis of the present data. 

It would be interesting to know whether 
blood glutathione levels were reduced in 
alloxan-diabetic animals which had been fed 
normal sodium and whether 
blood glutathione levels were further de- 
pressed in sodium-deficient 


amounts of 


rats injected 
with alloxan. This observation, that the 
blood glutathione level of rats was markedly 
reduced in sodium deficiency, indicates an 
relation to the production of 
diabetes by alloxan administration. 


interesting 


Glutathione has been shown previously to 
inhibit production of diabetes by alloxan (A. 
Lazarow, Proc. Soc. Exp. Biol. Med. 61, 441 
(1946)). The fact that sodium deficiency re- 
sults in a low-glutathione level suggests that 
the increased susceptibility to alloxan dia- 
betes in sodium-deficient states may have 
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been at least partially due to the low-blood 
glutathione concentration. The normal hem- 
atocrit and hemoglobin values for the so- 
dium-deficient rats indicate that the low- 
blood glutathione was not due to low-red 
blood cell counts or to anemia. 

It has been demonstrated that adminis- 
tration of high doses of pure pituitary adreno- 
corticotropic hormone to human subjects re- 
sulted in a diabetic state, as manifest by 
glycosuria with elevated fasting blood sugar 
levels and hyperglycemic, plateau glucose 
tolerance curves (Nutrition Reviews 7, 17 
(1949)). Along with these manifestations of 
diabetes there was a reduction in the blood 
glutathione levels to 50 or 75 per cent of the 
normal base line values. Since the influence 
of adrenocorticotropic hormone on sodium 
retention in the human subject is open to 
considerable controversy, it does not appear 
to be possible at present to relate definitely 
the depressed levels of blood glutathione 
under these two widely different experi- 
mental regimens to the same biochemical 
cause. 


CAROTENOIDS IN LOCUSTS 


Investigations of the metabolism and nu- 
‘trition of insects (Nutrition Reviews 3, 173 
(1945); 7, 7, 219 (1949)) provide interesting 
contributions to comparative biochemistry, 
and, at the same time, serve as a possible 
source of clues from which insect-control 
measures may be developed. The locust is 
an insect which has been extensively studied 
because of its destructiveness but few of the 
studies have been of a biochemical nature. 
T. W. Goodwin and 8. Srisukh (Biochem. J. 
45, 263 (1949)) and Goodwin (Ibid. 45, 472 
(1949)) have, however, reported on the 
carotenoids present in the 
African migratory locust (Locusta migra- 
and the 
gregaria). 


two species, 


toria) desert locust (Schistocerca 


Acetone extraction of eggs, hoppers, and 
winged adults yielded two carotenoids only, 
beta-carotene and astaxanthin, the latter 
being the characteristic carotenoid of crus- 
taceans. The two pigments were identified 
by chromatographic and _ spectrographic 
analyses. Careful comparisons with pure 
preparations were made to ensure the identi- 
fications, inasmuch as the quantities of 
isolated pigments were too small to permit 
crystallization. Astaxanthin was found in 
integument, in wings, and in eyes. The solu- 
bility data indicated that this pigment was 
not esterified but that in wings, at least, it 


may have been combined with protein. In 
no instance was any trace of vitamin A 
found and it was assumed that astaxanthin 
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served as a photoreceptor in its place (Nu- 
trition Reviews 5, 307 (1947)). Beta-carotene 
was also found in integument, wings, and 
eyes, and, in addition, it was the sole carot- 
enoid in fatty tissues, blood, and eggs. 
After hatching, the young hoppers nor- 
mally pass through five stages in twenty- 
two days (at 32°C.), molting at the end of 
each stage and finally emerging as winged 
adults. The content of beta-carotene 
mained relatively constant throughout the 
hopper stages but in the mature insects it 
increased to twice the earlier value. Astax- 
anthin remained constant from hatching to 
the third hopper stage and then decreased 
to one-fourth to one-third of the original 
level. Newly laid eggs contained only beta- 
carotene, approximately 0.4 microgram per 
egg. Astaxanthin appeared in the egg on the 
fifth day and increased to slightly more than 
0.1 microgram per egg at hatching (twelfth 
day). Over the same period the carotene 


re- 
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level decreased to one-fourth the starting 
value. No astaxanthin is known to occur in 
the diet of the locust and it was assumed 
that the astaxanthin of the developing egg, 
as well as that of the tissues of adults was 
either formed from beta-carotene or 
entirely of synthetic origin. No difference 
noted in the 
during the so-called 
rarious”’ phases. 


Was 


carotenoids in locusts 


‘ 


was 
‘solitary’? and ‘“‘gre- 
This study is not without a nutritional 
aspect. Properly prepared locusts are con- 
sidered a delicacy in parts of Africa and else- 
where. The average amount of beta-carotene 
in a single, adult specimen of L. migratoria 
was found to be 35 micrograms and a hand- 
ful would go far toward providing the daily 
requirement of vitamin A. The 
Goodwin thus testify to the nutritive value 
of the locust, even without 
mentary wild 
Baptist. 


data of 


the supple- 


honey used by John the 


GLYCOGEN METABOLISM IN SCORBUTIC GUINEA PIGS 


Evidence indicating a close relation be- 
tween the metabolism of ascorbic acid and 
cortical hormones in the adrenal cortex has 
been discussed (Nutrition Reviews 3, 37 
(1945); 6, 143 (1948); 8, 25, 52 (1950)). R. W. 
McKee, T. 8. Cobbey, and Q. M. Geiman 
(Endocrinology 45, 21 (1949)) have described 
experiments which raise the possibility that 
ascorbic acid may also be necessary for some 
peripheral actions of adrenal cortical hor- 
mones. 

Young male guinea pigs were made scor- 
butie by feeding a commercial rabbit chow 
which was shown by analysis to be free of 
ascorbic acid. Control animals received 10 
mg. of ascorbic acid subcutaneously each 
day and showed satisfactory weight gains. 
Those not receiving ascorbic acid supple- 
ments began losing weight after fourteen to 
twenty-one days. The existence of scurvy 
was confirmed by ascorbic acid analyses on 


plasma, liver, kidneys, and adrenals. Scor- 
butic guinea pigs were used for the experi- 
mental procedures after losing about half of 
their previous weight gain on the deficient 
diet. Both control and experimental guinea 
pigs were given two feedings of measured 
quantities of food manually before the var- 
ious experiments to equalize, at least par- 
tially, food intake. 

A series of normal and seorbutic pigs were 
fasted for two, twelve, twenty-four, thirty- 
six, forty-eight, or seventy-two hours. Liver 
glycogen, adrenal, liver, kidney, and spleen 
ascorbic acid, and the ratio of adrenal to 
body weight were determined when the 
animals were killed at the end of the various 
periods. Control animals showed a progressive 
loss of ascorbic acid from their organs 
with progressive fasting. At seventy-two 
hours about 40 per cent of the ascorbic acid 
had disappeared from the adrenals, liver, 
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and kidneys but somewhat less from the 
spleen. The ascorbic acid content of organs 
from the scorbutic animals was very much 
reduced at the start of the fasting period 
and changed little, if any, with progressive 
fasting. The initial levels were so low that 
further changes of any magnitude could 
hardly be expected. The adrenal ascorbic 
acid in these animals was practically zero. 
Liver glycogen decreased from 5.99 to 
0.041 g. per cent in twenty-four hours in 
control animals. At forty-eight hours there 
was a definite rise to 0.131 followed by a 
decline to 0.061 g. per cent at seventy-two 
hours. This rise at forty-eight hours has 
been described previously and is presumably 
a compensatory mechanism due to stimu- 
lation of the adrenals by the pituitary to 
produce gluconeogenic adrenal cortical hor- 
mones (C. N. H. Long, B. Katzin, and E. G. 
Fry, Endocrinology 26, 309 (1940)). 
Liver-glycogen determinations in scorbutic 
animals definite and interesting 
differences from the control pattern. The 
level at the start of the fasting period (which 
was begun immediately after the second 
manual feeding) was lower, 2.46, and at 
twenty-four hours had decreased to only 
0.210 g. per cent. At forty-eight hours the 
level was 0.037 g. per cent and did not change 
appreciably with further fasting. These data 
would seem to indicate that scorbutie guinea 


showed 


pigs break down glycogen at a rate much 
slower than normal and also have difficulty 
in synthesizing glycogen. The complete ab- 
sence of the forty-eight-hour compensatory 
rise in glycogen might indicate either an ab- 
normal  pituitary-adrenal compensatory 
mechanism or an inability to respond to the 
adrenal stimulus. 

These investigators proceeded to de- 
termine whether scorbutic guinea pigs would 
respond to a gluconeogenic stimulus by ad- 
ministering adrenal cortical extract or 11- 
dehydrocorticosterone to fasting animals. 
In the normal controls, these hormone prepa- 
rations increased liver glycogen twenty-eight 
fold and eightfold, respectively. In striking 
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contrast, neither of these preparations caused 
a liver-glycogen increase in scorbutic ani- 
mals, in fact they seemed to cause a slight 
further breakdown of glycogen. Blood and 
urinary studies were not done to determine 
whether this was due to lack of glucose for- 
mation or inability to synthesize glycogen. 

These experiments seem to establish an 
interesting and important difference in gly- 
cogen metabolism between scorbutic and 
normal guinea pigs. It is, however, not so 
‘asy to picture the mechanism which may 
be operating in such animals, nor does it 
seem safe to draw firm conclusions as to the 
specificity of ascorbic acid in the abnormali- 
ties observed. It is tempting to assume that 
ascorbie acid is specifically necessary for the 
synthesis and breakdown of 
McKee et al. (loc. cit.) report one preliminary 


glycogen. 


experiment in which ascorbic acid was given 
along with cortical hormones, hoping to 
show that under these circumstances gly- 
cogen could be synthesized. This experiment 
was unsuccessful. 

It may well be that these changes in 
glycogen metabolism are entirely secondary 
to the prolonged inanition. The lack of 
glycogen formation when adrenal cortical 
hormones were given might also be due to 
depletion of precursor substances as a result 
of inanition. Paired-feeding and reversal ex- 
periments with controlled feeding should 
answer these questions. 

The possibility that intestinal absorption 
of sugar might be so delayed as to produce 
a lower initial liver glycogen and a higher 
twenty-four-hour level might also be a fac- 
tor. However, 8. Banerjee and N. C. Ghosh 
(J. Biol. Chem. 166, 25 (1946)) have shown 
that scorbutic guinea pigs have a diabetic 
type of glucose tolerance curve, a finding 
which not only further implicates ascorbic 
acid in carbohydrate metabolism, but in- 
dicates that glucose absorption must be at 
least normal. 


‘ 


S. Banerjee (Ann. Biochem. Exp. Med. 3, 
157, 165 (1943); 4, 33, 37 (1944)) has also 
reported that scorbutic guinea pigs show re- 
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duced liver glycogen, glycosuria, and a 
diminished insulin content of the pancreas 
despite an apparent enlargement and _ in- 
creased number of islets of Langerhans. Some 
degranulation of the beta cells was seen. 
J. W. Patterson (Endocrinology 45, 344 
(1949)) has reported that dehydroascorbic 
acid, a naturally-occurring oxidation product 
of ascorbic acid, has a diabetogenic effect in 
rats. It seems possible that the pancreas may 
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be involved in the phenomena observed by 
McKee ei al. 

Much additional, carefully controlled ex- 
perimentation must be done before the exact 
role of ascorbie acid in glycogen metabolism 
can be defined. Since the exact functions of 
ascorbic acid in metabolism are still so un- 
certain, any clues such as that presented 
in this study should 
ously. 


be pursued vigor- 


TROPICAL SPRUE 


M. Stefanini (Medicine 27, 379 (1948); Nu- 
trition Reviews 8, 31 (1950)) reported ob- 
servations on the clinical features and patho- 
genesis of tropical sprue based on the picture 
observed in 1069 cases in Italian prisoners 
war in India. He concluded that the 
etiology and pathogenesis of the disease re- 
mains obscure, despite knowledge of effec- 
tive therapeutic agents. Further, he noted 
that reversibility of the altered gastroin- 
testinal function is dependent upon the dura- 
tion and severity of the process. During 
wartime, numerous workers confirmed the 
earlier observations of resistant sprue (F. M. 
Hanes, Am. J. Med. Sci. 204, 436 (1942)). 

A. W. Woodruff (Tr. Roy. Soc. Trop. Med. 
Hyg. 42, 605 (1949)) has added another 
series of observations on 47 cases of tropical 


of 


sprue observed over a period of two and 
three-quarters to three years. These were 
in patients admitted to a Royal Air Force 
mobile field hospital in the Chittagong dis- 
trict and South Burma in 1944 and 1945. 
These patients were followed or contacted 
by questionnaire after three years to de- 
termine the degree of recovery from the dis- 
ease. 

The disease in Woodruff’s series charac- 
teristically involved personnel of isolated 
units and exhibited a definite seasonal in- 
crease in May to July with a low incidence 
in January and February. This seasonal on- 
set paralleled 
amebic dysentery in the personnel, a fact 


closely the appearance of 


interpreted by Woodruff as consistent with 
the thesis that sprue may be an infective 
disorder. Such a view is in keeping with the 
position of Stefanini (/oc. cit.) that although 
dietary deficiency is an important factor in 
the development of sprue, it cannot be con- 
sidered to be the only factor. Other impor- 
tant factors associated with the disease are 
climatic, local, and seasonal (although the 
seasonal incidence is not always the same in 
various series of cases). 

In Woodruff’s series the patients were 
treated with a high-protein, low-carbohy- 
drate and fat diet, with supplementary vit- 
amin B-complex preparations and ascorbic 
acid. Patients with anemia were also given 
parenteral liver extract. Clinical response was 
good in all but one case and all 34 patients 
contacted after a three-vear period had re- 
mained in a satisfactory state and were able 
to do their full duty even at heavy manual 
labor. The few recurrences of diarrhea and 
glossitis had been infrequent and transitory. 

In keeping with Stefanini’s concept that 
the earlier reversible phase of the disease 
responds more satisfactorily to therapy than 
the longer established condition, it may be 
that Woodruff’s 
chiefly in the reversible stage. 


surmised patients were 

These recurring clinical experiences point 
up the considerable need for clearer defini- 
tion of our knowledge of the etiologic factors 
and the sequence of pathologic changes in 
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sprue. It would appear to be profitable to 
restudy the possible role of altered gastro- 
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intestinal flora and of infection with specific 
microorganisms in sprue. 


AMINO ACID CONTENT OF MILK, COLOSTRUM, AND FISH 


The availability of microbiologic assay 
methods for the amino acids is making 
available quantitative figures for the amino 
acid content of many natural foodstuffs and 
other materials. Together with newly avail- 
able values for the amino acid requirements 
of man (W. C. Rose, Federation Proceedings 
8, 546 (1949)) such figures promise to per- 
mit a reassessment of current ideas concern- 
ing adequacy of protein allowances and of 
the efficiency of utilization of individual 
amino acids from proteinaceous foodstuffs. 

Illustrative of such data are those per- 
taining to the amino acid content of milk, 
obtained by Kk. A. Kuiken and P. B. Pearson 
(J. Nutrition 39, 167 (1949)). These workers 
compared the content in essential amino 
acids of colostrum and milk from several 
varieties of cows and ewes. Remarkably simi- 
lar average values were found for the essen- 
tial amino acid content of the milk proteins 
of these two species. Indeed, when the ratios 
of the amino acid content of cow’s milk pro- 
tein to that of ewe’s milk protein were cal- 
culated, the values did not differ significantly 
from 1 in any case, indicative of an essen- 
tially identical distribution of amino acids 
in the two groups of mixed proteins. From 
a consideration of these data alone, the milk 
proteins of the two species would appear of 
equal nutritional value. 

A similar comparison was made of colos- 
trum from the two species. Again, the 
composition of the colostrum proteins was 
very similar, although somewhat different 
from that of milk. As compared with milk 
proteins, colostrum proteins are significantly 
lower in methionine, isoleucine, and_his- 
tidine, very nearly equal in valine, leucine, 
lysine, and phenylalanine, and significantly 
higher in threonine and, perhaps, arginine. 


The nutritional significance of these changes 
in composition is not known. 

Results of an extensive survey of the 
amino acid content of fish products (mostly 
canned) has been reported collaboratively by 
M.S. Dunn, M. N. Camien, 8. Ejiduson, 
and R. B. Malin (J. Nutrition 39, 177 (1949)) 
and by J. B. Neilands and co-workers (/bid. 
39, 187 (1949)). A striking similarity in the 
essential amino acid content of all fish 
products analyzed was noted. On the aver- 
age, the content of essential amino acids in 
these products resembled very closely that 
of beef muscle. These fish products must 
consequently be considered to provide pro- 
tein of the finest nutritive quality. Com- 
parison of the amino acid content of raw 
and canned fish of the same species indi- 
cated no significant changes in amino acid 
content occurred as a result of the canning 
process. 

An interesting feature of this collaborative 
study was the opportunity it provided to 
compare results of microbiologic assays of 
the same samples for the various essential 
amino acids. The California workers em- 
ployed mediums and methods published by 
M. 8. Dunn and co-workers (Univ. Calif. 
Pub. in Physiol. 8 (19), 293 (1949)); the Wis- 
consin workers employed the generalized 
assay medium of L. M. Henderson and E. E. 
Snell (J. Biol. Chem. 172, 15 (1948)). De- 
spite this use of somewhat different mediums 
and, in many cases, different assay or- 
ganisms, the figures for the amino acid con- 
tent of those samples assayed at both loca- 
tions showed remarkably good agreement, a 
fact which the authors interpret as strong 
evidence for the reliability of these methods 
in determination of amino acids in food prod- 
ucts of this nature. 
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NOTES 


Letter to the Editor 
Dear Sir: 

In the review “‘Resurvey of Nutrition in 
Newfoundland” (Nutrition Reviews 7, 331 
(1949)) appears the statement ‘Clinical ex- 
aminations were made of 868 persons, most 
of whom were residents of the city of St. 
John’s....’’ Actually only 394 were resi- 
dents of St. John’s—45 per cent. The point 
may be important because such increase of 
imports as occurred, especially of meat, 
evaporated milk, and processed fruits and 
vegetables, between the time of the first 
survey (1944) and the second (1948) would 
principally have affected the inhabitants of 
St. John’s, with relatively little reaching the 
residents of the villages. Nevertheless, the 
improvements noted with respect to signs of 
deficiencies thought to be attributable to 
vitamin A, thiamine, riboflavin, and niacin 
were no more striking in St. John’s than in 
the villages. This somewhat reinforces the 
“implication” that the benefits observed 
were attributable mostly to the improved 
nutritional quality of the flour and mar- 
garine, which inevitably reached everyone. 

The review ignores the emphasis in the re- 
port on the inadequacy of the measures 
other than enrichment of the flour and 
fortification of the margarine undertaken by 
the government. These other programs, 
namely, education and distribution of milk 
powder, cod liver oil, and orange juice, were 
instituted late, that is, either in the spring 
or in the fall of 1947, and the amounts of 
the materials distributed were small. Evi- 
dence supporting the conclusion that these 
programs and the increased imports of other 
foods had little effect is provided by the 
finding that the situation with respect to 
vitamin C (incidence of lesions relatable to 
deficiency of vitamin C and blood levels of 
vitamin C) had not improved, indeed was 
worse in 1948 than in 1944. 

The review quite properly takes exception 


to a comparison made between vital statis- 
tics for the years after 1944 with the aver- 
ages for a five-year period preceding the 
earlier (1944) survey. It is correctly stated 
that a decreasing trend prior to the 1944 
survey would be obliterated by such treat- 
ment. In point of fact, there were no de- 
creasing trends. The figures are as follows: 

Crude mortality rate per 1000—1940-11.8; 
1941-12.5; 1942-12.3; 1943-11.4; 1944-12.3; 
1945-10.4; 1946-106. 

Pulmonary tuberculosis death per 
100,000—1940-150; = 1941-134; 1942-135; 
1943-124; 1944-134; 1945-114; 1946-101. 

Infant mortality rate per 1000 live births 
—1940-91;, 1941-97.7; 1942-97.0; 1943-93.5; 
1944-101.0: 1945-74.2: 1946-76.3. 


rate 


The same for the city (St. John’s)—1940- 
74; 1941-102; 1942-107.5; 1943-111; 1944- 
117; 1945-92.2; 1946-77; 1947-61. 


There was little reason to consider im- 
proved medical care as a factor of importance 
in these improvements, except possibly in 
the city of St. John’s. The inhabitants of 
the villages received very inadequate medi- 
cal care before and after 1944. We obtained 
no information about imports of vitamin 
preparations, but it is unlikely that much if 
any such materials reached the villages. 


The review inclined to minimize the 
significance of the recorded signs and symp- 
toms of malnutrition. In our report we 


avoided emphasis of the specificity of any 
of these signs. In doing so, however, we did 
not intend to suggest that they were unim- 
portant. Such signs and symptoms in and of 
themselves represent only ‘‘minor physical 
changes’”’ as is stated in the review, but there 
is every reason to suppose that many of them 
are accompanied by disturbances of hidden 
processes of metabolism and growth. There- 
fore the fact that certain of them, namely, 
those which could have been expected to 


decrease in prevalence as a result of an in- 
niacin, 


creased allowance of vitamin A, 
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riboflavin, and thiamine, decreased in prev- 
alence and did so to a degree which statis- 
tically would occur by chance alone less 
frequently than one time in a hundred, is 
evidence of a relationship which ought not 
to be ignored. 

RusseELL M. WiLper, M.D. 

Mayo Clinic 


Rochester, Minnesota 


Teacher Workshop in Nutrition 


In July 1949 the Department of Nutrition, 
Harvard School of Public Health conducted 
a teacher-training workshop in nutrition 
education. The project was attended by some 
fifty leaders in elementary and high-school 
education. The basic aims of the workshop 
were to show: 

1. That nutrition education is a part of 
the total school-community health 
program. 

. That nutrition education can be an 
integral part of the total curriculum 
and does not necessitate a special 


teacher or an extra class period. 


. That nutrition education should be 
based upon the actual dietary needs 
of the children of the school and of the 
specific grades or classes. 

. That these needs can be determined 
through a 3-day dietary intake survey 
which can be simply tabulated by the 
teacher or the children. 

. That the pamphlet “Goals for Nutri- 
tion Education for Elementary and 
Secondary Schools”? can be used as a 

determining the subject 
matter areas, the knowledges, atti- 
tudes, and habits that are recom- 
mended for development at the 
different age levels. 

). That the ‘‘Teaching Aids” and ‘Film 
Bibliographies” offer a variety of 
suitable free and inexpensive audio- 
visual aids for the different age and 
grade levels to assist a nutrition educa- 
tion program. 


basis for 
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. That through class study, activities, 
and practices, better food habits can 
be developed which, in turn, will 
encourage and promote better food 
habits in the school lunchroom, home, 

and community. 

. That these improved food habits 
should promote better health, and 
thus an improved school program. 

The discussions and conclusions of the 

participants have been summarized in a 

report entitled “Report of Workshop in 

Health and Nutrition Education.” A limited 

number of these reports are available from 

the Department of Nutrition, Harvard 

School of Public Health, 695 Huntington 

Avenue, Boston 15, Massachusetts at $1.00 

per copy. 

Recent Nutrition Books 

The Salt-Free Diet Cook Book. E.G. Conason 
and Ella Metz. Lear Publishers, Inc., 105 
East 15th Street, New York 3, N. Y. 
1949. Pp. 134. Price: $3.00. 

Industrial Nutrition. Magnus Pyke. Mac- 
donald & Evans, 8 John Street, Bedford 
Row, London, W. C. 1. 1950. Pp. 212. 
Price: 10s. net. 

Nutritional Data (Formerly ‘Nutritional 
Charts’). Compiled by Harold A. 
Wooster, Jr. and Fred C. Blanck. Pub- 
lished and distributed gratis by H. J. 
Heinz Company, P. O. Box 57, Pittsburgh, 
Pa. 1949. Pp. 114. 

Nutrition and Resistance to Climatic Stress 
(With Particular Reference to Man). H. 
H. Mitchell and Marjorie Edman. Re- 
search and Development Branch, Office 
of the Quartermaster General, Quarter- 
master Food and Container Institute for 
the Armed Forces, Chicago 9, Ill. 1949. 

- Pp. 112. 

Vitamin E. KK. E. Mason et al. Annals of 
the New York Academy of Sciences, Vol- 
ume 52, Art. 3, Pages 63-428. Published 
by the New York Academy of Sciences. 
October 31, 1949. 
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